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(57) Abstract 

An organosol comprising a high molecular weight (co)polymeric steric stabilizer covalentiy bonded to an insohible, high molecular 
weight thermoplastic (co)polymeric core is described which has the ability to fonn a thiee^imensional gel of controlled rigidity. The 
gel provides improved liquid ink or liquid clccirophotographic/elcctrographic toner compositions by incieassing sedimentation stability of 
the colorant, without compromising print quality or ink transfer performance. The gel is ftomied by manipulating the solubility parameter 
difference between tiie stabilizer and the solvent to achieve optimum peribimance of the dispeision. 



FOR THE PVHrOSES OF INFORMATION ONLY 



^m^^^ W^tify Smes party ,0 *e PCX on *c ft«.. pages of pamphlets p„bli*i„g imen««ionaI 



AM 

AT 

AU 

BB 

BE 

BF 

BC 

BJ 

BR 

BY 

CA 

CP 

CC 

CH 

a 

CM 
CN 
CS 
CZ 
DE 
DK 



n 

GA 



Aourii 



Bel^hoD 
Burkina Fno 
Bulgsru 

Bcizil 
Betana 

CeoniJ AMcan Rcpiblic 



Swiiierlaiid 
CacedTvoire 
Ccmeraon 
Oiina 

CtcdKMlovaJdt 

Caech Republic 

Getinany 

Decmnt 

Estoota 

Spate 

Faland 

Fnna 

Gabon 



GB 

GE 

GN 

GR 

HU 

IE 

IT 

JP 

KE 

KG 

KP 

KR 

KZ 

U 

LK 

LR 

LT 

LU 

LV 

MC 

MD 

MG 

ML 

MN 

MR 



United Kingdom 
Geoc^ 
Guinea 
Gnooe 



lieiMd 

Italy 

Jqian 

Kenya 

Kyijyuin 

I>eincKiiiic Pbople't Republic 
of Korea 

Rqnblic of Korea 

Kazakhsun 

Liechtensttin 



Liberia 



LmcmboQit 

LatvU 

Monaco 

Republic of Moldova 

Mad^gaicar 

Mali 

Moogoiia 
Mmiianla 



MW 


Mahwi 


MX 


Mexico 


KE 


Niger 


NL 


Netheriands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


' Ponugal 


RO 


Romania 


RU 


Rimiaa Fedeiaiioa 


SD 


Sadn 


SE 




SC 


Sintapore 


SI 


Slovenia ' 


SK 


Slovakia 


SN 


Senegal 


SZ 


Swaziland 


71) 


Chad 


TG 


Togo 


TJ 


Tajilusiao 


rr 


Trinidad and Tobago 


UA 


Utoiine 


uc 


Ugaadi 


us 


Uaited States of Anoka 


uz 


UcbeUaiu 


VN 


VietNara 



wo 97/12285 



PCT/US96/1S548 



LIQUID INKS USING A GEL ORGANOSOL 

Field of the Inv^ prtitn 
This invention relates to liquid ink compositions, in particular, to pigments 
dispersed in gel organosols to provide improved ink compositions and liquid 
toners for use in ink transfer, ionographic, electrogiaphic and electrophotographic 
printing processes. 

Background 

Liquid inks are widely used in a variety of printing processes, for example 
offset, intaglio, rotogravure, ink jet and electrophotographic printing. Many of the 
desired characteristics of the pigment dispersions used in the liquid inks are the 
same for each of Ae respective processes even though the final ink formulations 
may be substantially different. For example, the stability of the pigment dispersion 
both on the shelf and under shear conditions is an important consideration 
regardless of the final use of the liquid ink. The art continuously searches for 
stable pigmem dispersions to provide more flexibility in ink formulations which 
turn yields better efficiency and waste reduction in the various printing processes, 

In electrophotographic applications, which includes devices such as 
photocopiers, laser printers, facsimile machines and the like, liquid inks 
referred to as liquid toners or developers. Generally, the electrophotograph 
process includes the steps of forming a latent electrostatic image on a charged 
photoconductor by exposing the photoconductor to radiation in an imagewise 
pattern, developing the image by contacting the photoconductor with a liquid 
developer, and finally transferring the image to a receptor. The final transfer step 
may be performed either directly or indirectly through an intermediate transport 
member. The developed image is usually subjected to heat and/or pressure to 
permanently fiise the image to the receptor. 
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In the field of electrographic printing, particularly electrophotographic 

pnnting, a variety of both liquid and dry developing compositions have been 
employed to develop the latent electrostatic images. Dry toner compositions suffer 
from a number of disadvantages. For example, dry toners are known to be difficult 
to control during the latent image development and transfer process^; this leads to 
toner scatter within the printer device and may create excessive amounts of dust 

and abrasive wear of the printer compo,«nts. Some dry toner compositions must 
also be fixed by fusing at elevated tempemture. which require a large sourc of 

energy and may limit the choices of receptor materials to MWch the developed 
latent image may be transferred. Moreover, dry tone« must be triboelectrically 
charged, which makes the pHnting process v«y sensitive to both the temperature 

andhumidityoftheambientairandmayresuhinprintingdelaysduetocharge 
equilibration. The limited particle size of the toner is another disadvantage of dry 

tonen.. I^^he particle size is smaU, the dry toner can become airborne and create a 
potential health hazard due to inhalation of the particles. On the other hand, the 
larger particle sizes make it difficult to obtain high resolution images. 

Many of the disadvantages accompanying the use of dry toner 
compositions have been avoided by the use of liquid developers or toners. For 
example, liquid toners contain smaller particles ti^n dry toners i^ulting in higher 
resolution images. In addition, liquid tonen; are not triboelectrically charged- 
therefore, tiiey are much less sensitive to changes in ambient temperature and 
humidity. Since the toner particles in a liquid developer are contained witiiin a 

flu.dphase.tonerscatteranddustaccu«ulationdonotoccurwithinti,eprinter In 
addition, the particles being contained widun a liquid matrix will not become 

aiibome thus eliminating the risk of inhalation of the particles. 

Liquid toners typically comprise an electrically insulating liquid which 
serves as a earner for a dispersion of charged particles known as toner particles 
composed of a colorant and a polymeric binder. A charge control agent is often 
included as a component of the liquid developer in order to regulate the polarity 
and magnitude of the charge on tiie toner particles. Liquid toners can be 
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categorized into two prinwiy classes, for convenience^ the 
refeired to as conventional liquid toners and organosol tonets. 

Of particular utiUty are the class of liquid loners vrfuch make use of self- 
stable organosols as polymeric binders to promote self-fixing of a developed latent 
image. U.S. Patent Nos. 3,753,760; 3.900,412; 3.991,226; 4,476.210; 4,789,616; 
4.728,983; 4,925,766; 4,946,753; 4,978,598 and 4,988,602 describe the 
composition and use of these types of organosols. Self-stable organosols are 
coUoidal (0.1-1 micron diameter) particles of polymeric binder which are typically 
synthesized by nonaqueous dispersion polymerization in a low dielectric 
hydrocarbon solvent. These oiBanosol particles are sterically-stabilized with 
respect to aggregation by the use of a physically-adsorbed or chemically-grafted 
soluble polymer. Details of the mechanism of such stcric stabilization are 
provided in Napper. D.H.. Polymeric St.hili^^n ITf f frll-f- fal ^i^r^nn. 
Academic Press. New Yoric, NY, 1983. Procedures for effecting the synthesis of 

self-stable organosols are Imown to those skilled in the art and are described in 
DtSWrsion Polvroerization in Organic M«f;« ICE. J. Banett, ed, John Wiley: 
New York, NY. 1975. Although it is generally recognized that the solvation of the 
particle is critical in the fonnaUon of a dispersion, none of the foregoing 
references recognize the utUity of a gel in forming a stable dispersion. 

The most commonly used non-aqueous dispersion polymerization method 
is a free radical polymerization carried out when one or more ethylenically- 
unsaturated (typically acrylic) monomers, soluble in a hydrocarbon medium, are 
polymerized in the presence of a preformed amphipathic polymer. Thcp^formed 
amphipathic polymer, commonly referred to as the stabilizer, is comprised of two 
distinct repeat units, one essentially insoluble in the hydrocariwn medium, the 
other freely soluble. When the polymerization proceeds to a fiactional convereion 
of monomer corresponding to a critical molecular weight, the solubility limit is 
exceeded and the polymer precipitates ftom solution, forming a core particle. The 
amphipatiuc polymer then eitiier adsorbs onto or covalentiy bonds to tiie core, 
which core continues to grow as a discrete particle. The particles continue to grow 
until monomer is depleted; tiie attached amphipatiiic polymer "shell" acts to 
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stericaUy-stabilize the growing cor« particles with inspect to aggregation. The 
resulting core/shell polymer particles comprise a self-stable, nonaqueous colloidal 
dispersion (organosol) comprised of distinct spherical particles in the size 
(diameter) range 0.1 -0.5, microns. 

The resulting organosols can be subsequenUy converted to liquid toners by 
simple incorporation of the colorant (pigment) and charge director, followed by 
high shear homogcnization. ball-milling, attritor miUing. high energy bead (sand) 
nulling or other means bwwn in the art for effecting particle size leducti^ 
dispersion. The input ofmechanicalcncgy to the dispersion during milling acts 
to breakdown aggregated pigment particles into primary particles (0.05-1.0 
micron diameter) and to "shred" the organosol into Augments which adhere to the 
newly-created pigment surface, thereby acting to sterically-stabilize the pigment 
particles with respect to aggregation. Hie charge director may physically or 
chemically adsori) onto the pigment, the organosol or both. The result is a 
sterically-stabilized, charged, nonaqueous pigment dispersion in the size range 
0.1-2.0 microns, with typical toner particle diameters between 0.1-0.5 microns. 
Such a sterically-stabilized dispersion is ideally suited for use in high resolution 
printing. 

Rapid self-fixing is a critical requirement for Mquid toiier performance to 
avoid printing defects (such a smearing or trailing-edge tailing) and incomplete 
transfer in high speed printing. A description of these types of defects and 
methods of preventing them using film fomiing compositions are described in 
U.S. Patent Nos. 5.302,482; 5.061 .583; and 4,925.766. 

Another important consideration in foimulating a liquid toner is the tack of 
the image on the fmal receptor. If the image has a residual tack, then the image 
may become embossed or picked off when placed in contact with another surface. 
TTiis is especially a problem when printed sheets are placed in a stack. If the image 
is tacky, it may transfer to the backside of the adjacent sheet. To address this 
concern, a film laminate or prx)tective layer is typically placed over the surface of 
the image. TTus adds both extra cost of materials and extra process steps to apply 
the protective layer 
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It is further known in the art that fihn-fonning liquid toners fabricated 
using self-stable organosols generally exhibit excellent aggregation stability; 
however, the sedunentation stability of such inks is poor. Once the components of 
an organosol ink have settled, they are generally difficult if not impossible to 
redisperse to a degree of dispersion equivalent to the original, unsettled ink. This 
situation arises because self-stable organosol inks settle into closely packed, 
dilatant sediments, and irreversible film formation can occur in these sediments 
when the volume fraction of organosol in the sediment exceeds the critical volume 
firaction required for fihn formation to occur (generally greater than 70 volume 
percent organosol). Hence, there is a need for liquid ink compositions which will 
overcome this poor sedimentation and redispersion behavior of organosol inks. 

Attempts have been made to provide liquid developers having improved 
storage and thermal stability using a two component gel/latex system. U.S. Patent 
Nos. 4,374,918; 4,363,863; 4,306,009; GB 2,066,493; and GB 2,065.320 describe 
liquid developers incorporating polymers having borderline solubility in the 
carrier solvent. A stabilizing gel and latex (or gclatcx) are used as a dispersant 
and/or fixative. The gel and latex are separate non-covalently bonded materials in 
the ink formulation. Separate materials may adversely affect the aggregation 
stability which can lead to preferential depletion of one of the two components 
during extended printing thus adversely affecting print quality. Separate 
components can also result in a broad molecular weight distribution for stabilizing 
the gel, which may have an adverse affect on the toner charge characteristics. In 
addition, the separate materials may lead to a high free phase conductivity. 

Attempts have also been made to overcome the poor sedimentation 
stability of pigmented liquid toners by replacing the pigment with a dye of 
significantly lower density. U.S. 4,816,370 describes a liquid developer using a 
thermally reversible, flocculated, dyed organosol. The colorant used is a dye rather 
than a pigment It is well established in the art that dyes are less stable to light and 
have a tendency to migrate or sublime. Even though dyes have inherent 
advantages, such as transparency of the colors and less interference with the 
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Characteristics of the thennoplastic bindas. their poor light stability often times 
overrides these advantages. 

Cunently, no one has sufficiently addressed the problem of sedimentation 
in pigmented liquid inks, in particular liquid toners. 

Swminarv of the invgntf^^ 

The present invention provides a stable redispcrsible gel organosol 
dispersion comprising a carrier liquid (or liquid dispeisant or solvent) and a 
(co)polymeric steric stabUizer having a molecular weight greater than or equal to 

50,000 Daltons and a polydispersity less than 15 covalentiy bonded to a 
thermoplastic (co)polymeric core that is insoluble in the carrier liquid. The gel 
organosol is characterized by having a weight ratio of the steric stabilizer to the 
thermoplasUc core between 1/1 and 1/15. TTie steric stabilizer comprises 
polymerizable oiganic compounds or mixture of polymerizable organic 
compounds having an absolute Hildebiand solubility parameter difference 
between the polymerizable organic compounds or mixture of polymerizable 
organic compounds and the carrier Uquid between 2.3 and 3.0 MPa"^. A 
redispersible liquid color ink can be made by adding a colorant or mixture of 
colorants to die gel organosol dispersion. In some appIicaUons, it may be 

advantageous for the themioplastic core to have a glass transition umiperature 
between 25"C and -lO'C. 

In one embodiment of the invention, an electrophotographic or 
electrographic Uquid color toner is provided comprising a carrier liquid having a 

Kauri-butanol number less than 30; an optional colorant and/or visual 
enhancement additive; a charge director, and a gel organosol comprising a 
(co)polymeric steric stabUizer having a molecular weight between 50,000 and 

750.000 Daltons and a polydispersity less than 1 5 covalentiy bonded to a 
thermoplasUc (co)polymeric core that is insoluble in the carrier liquid and has a 
glass transition temperature between 25»C and .10«»C. For electrographic or 
electrostatic appUcations where a write-head or stylus is used in the imaging 
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process, the glass transition temperature is preferably between IS^C and SS^C 
(more preferably between IS^'C and 45'*C) to avoid image smearing and loss of 
adhesion due to scraping of the write-head. The gel organosol can be further 
characterized by having a weight ratio of the steric stabilizer to the thermoplastic 
5 core between 1/1 and 1/15. The steric stabilizer comprises polymerizable organic 
compounds or mixture of polymerizable organic compounds having an absolute 
Hildebrand solubility parameter difference between the polymerizable organic 
compounds or mixture of polymerizable organic compounds and the carrier liquid 
between 2.3 and 3.0 MPa'^, more preferably between 2.5 and 3.0 MPa^^, and 
10 most preferably between 2.6 and 3.0 MPa^^. The weight ratio of the gel organosol 
to colorant is preferably between 0.5/1 and 8/1 (more preferably between 0.5/1 
and 6/1 ; and most preferably between 1/1 and 3/1) when used as a liquid toner for 
electrostatic printing to reduce or eliminate imaging bleeding or smearing on the 
receptor. 

13 In another embodiment of the invention, a process is provided using the 

electrophotographic liquid color toner described above to form an image on a 
receptor. The process comprises the steps of: (a) providing a photoreceptive 
element having an electrostatic charge on the surface tfiereof; (b) exposing the 
surface with a radiation source to discharge portions of the surfiace to produce a 

20 latent image; (c) applying the electrophotographic liquid color toner described 
above to the latent image on the surface of the photoreceptive element to form a 
toned image; (d) optionally transferring the toned image onto a transfer medium; 
and transferring the toned image to a final receptor. The fiiud receptor includes 
coated or uncoated films and coated or uncoated p^r. 

25 In yet another embodiment of the invention, a process is provided using 

the electrographic liquid color toner described above to form an image on a 
receptor. The process comprises the steps of: (a) providing a dielectric element; 
(b) applying an electrostatic charge in an imagewise pattern on a surface of the 
dielectric element to produce a latent image; (c) applying the electrographic liquid 

30 color toner described earlier to the latent image on the surface of the dielectric 
element to form a toned image, and optionally transferring the toned image to a 
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receptor. The dielectric element may be the final receptor or the image may be 
transfened to receptor different from the dielectric element. 

In yet am>ther embodiment of the invention, a piocess is provided for 

making a high solids Uquid color ink. The process comprises the steps of: (a^ 
fomiing a dispersion of a gel organosol (described earlier) in a earner liquid; (b) 
adding at least one colorant to the dispersion; (c) allowing a portion of the carrier 
liquid to phase separate from the dispersion; and (d) removing the portion of the 
carrier liquid from the dispersion to form aconcentmted colored dispersion A 

charge director may also be added with thecolorantCs) to form aconcentra^ 
electrophotographic or electrographic liquid color toner. 

An alternative process for forming a high solids Uquid color ink is also 
provided using ihc process steps of: (a) forming a dispersion of a gel organosol 

(described earlier) in a carrier liquid; (b) allowing a portion of the carrier liquid to 
phase separate from the dispersion; (c) removing the portion of the carrier liquid 
fiom the dispersion to form a concentrated dispersion; and (d) adding at least one 
colorant to the concentrated dispersion to form a colored concentrate. A charge 

director may also be added with the colorant(s) to fonn a comxntrated 
electrophotographic or electrographic liquid color toner. 

The gel organosols of the present invention are particularly useful for tiieir 
ability to form a three dimensiomd gel of controlled rigidity which can be 
reversibly reduced to a fluid state by shearing or heating ti.e organosol or an ink 

composition containing the organosol. TTk; gels impart useful properties to tiie 
liquid ink. notably improved sedimentation stability of the colorant, witiiout 

ccmipiomising prim quaUty or ink transfer perfonmmce. The inks formulate 
the gels also exhibit improved redispersion characteristics upon settiing, and do 
not form dilatant sediments such as those formed by non-gelled organosol inks 
These characteristics of gel inks facilitate preparation and use of high solids ink 
concentrates (greater than 2% by weight solids, more prefembly greater ti^ 10% 
by weight solids). ti,us providing an increased number of printed pages or images 
from a given volume of ink. 
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The liquid inks of the present invention will be described with respect to 
electrophotographic office printing; however, it is to be understood that these 
liquid toners are not limited in their utility and may also be employed in high 
speed printing presses* photocopying apparatus, microfilm reproduction devices, 
facsimile printing, mk jet printer, instrument recording devices, and the like. 

Detailed Description of the Invention 
A liquid ink composition is provided comprising a colorant and a gel 
organosol dispersed in a liquid or liquid blend having a Kauri-Butanol (KB) 
number less than 30. The liquid ink composition is resistant to sedimentation and 
is capable of rapidly self-fixing, which is particularly useiful in 
electrophotographic, ionographic or electrostatic imagmg and conventional 
printing processes. 

As used herein, the terms: 

"Kauri-Butanol" refers to an ASTM Test Method D1133-54T. The Kauri- 
Butanol Number (KB) is a measure of the tolerance of a standard solution of kauri 
resin in 1-butanol to an added hydrocarbon diluent and is measured as the volume 
in milliliters (mL) at 25^C of the solvent required to produce a certain defined 
degree of turbidity v^en added to 20 g of a standard kauri-l-butanol solution. 
Standard values are toluene (KB = 1 05) and 75% by volume of heptane with 25% 
by volume toluene (KB = 40). There is an approximately linear relationship 
between the Hildebrand solubility parameter and the KB number for 
hydrocarbons: Hildebrand Solubility Parameter (MPa*^) = 2.0455[6.3 + 0.03KB 
(mL)]. 

"Ger refers to a mixture of an organic solvent and a polymer network 
wherein the polymer network is formed through physical aggregation of the 
polymer chains through hydrogen bonds or other non-chemical bonds of 
comparable strength. Gels are dispersions m which the attractive interactions 
between the elements of the dispersed phase are so strong that the whole system 
develops a rigid network structure and, under small stresses, behaves elastically. 



"Hildebnmd solubUity parameter refers to a solubility parameter 
represented by the square root of the cohesive energy density of a material, 
having units of (pressure)"^, and being equal to (AH - RT)*W, where AH is the 
molar vaporization enthalpy of the material. R is the universal gas constant, T is 
the absolute temperature, and V is the molar volume of the solvent Hildebnmd 
solubUity parameters are tabulated for solvents in: Barton. A. F. M.. Handbook of 
S rtwbilj^ ffid Othy CQhwjpn TV^jtrunn? , 2nd Ed. CRC Press. Boca Raton, FL, 
(1991), for monomers and representative polymers in Polvmer HandhnnV 3rd Ed.. 

J.Brandnip&E.H.ImmerBut,Eds.JohnWiley,NY,pp519.557(1989). andfor 
many commercially avaiUble polymers in Barton. A. F. M., Handbook of 

Pplymer-Lwvid Interaction Parameters anH Rnl M bUitv Paramrt^ , rnr n 

Boca Raton, FL, (1990). 

"(Co)polymer'' or "(co)polymeric'' refers to homopolymere as well as 
polymers based on the polymerization of two or more monomcric compounds. 

The polymeric gel of the present mvention is an amphipathlc copolymeric 
gel (also known as an organosol) comprised of a soluble ormarginaUy insoluble 
high molecular weight (co)polymeric steric stabilizer covalently bonded to an 
insoluble, theraioplastic (co)polymeric core. The covalenUy bonded (or grafted) 
steric stabilizer is manipulated such that the (co)polymer is near the incipient 
phase separation point in the dispersant TTie resulting graft stabilizer remains in a 
fieely flowing, easily handled solution until the paft stabilizer is covalently 
bonded to the insoluble core, at which point a gel organosol is formed. 

In addition, superior stability of the dispersed toner particles with respect 
to aggregation is obtained when at least one of the polymers or copolymers 
(denoted as the stabUizer) is an amphipathic substance containing at least one 
oUgomeric or polymeric component of molecular weight at least 500 which is 
solvated by the carrier liquid. In other woixis, the selected stabilizer, if present as 
an independent molecule, would have some finite solubiUty in the carrier liquid. 

The solubility of a materia] in a given solvent may be predicted from the 
absolute difference in Hildebrand solubility parameter of the solute relative to the 
solvent Hie solutes will exist as tnie solutions or in a highly solvated state when 
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the absolute difference in Hildebi^d solubility param 

approximately 1.5 MPa^'^. When the absolute difference in Hildebrand solubiUty 
parameter exceeds approximately 3.0 MPa"'^, the solute will phase separate from 
the dispersant, forming a solid, insoluble, non-flowing, non*geIied mass. Those 
solutes having an absolute difference in Hildebrand solubility parameters between 
1 .5 MPa*'^ and 3.0 MPa''^ are considered to be weakly solvated or margmally 
insoluble. 

In the present invention, it has been found that the absolute difference of 
the Hildebrand solubility parameter of the graft stabilizer relative to the solvent 
can be manipulated to yield self-stable organosols which have the additional 
advantage of rapidly forming a physically or thermally reversible gel suitable for 
preventing or retarding pigment sedimentation when used in liquid ink 
compositions. 

The strength of the gel (and hence sedimentation resistance of the ink) can 
be manipulated by controlling the extent to which the graft stabilizer's Hildebrand 
solubility parameter differs from that of the dispersant. Greater gel strength 
(greater sedimentation resistance) is obtained by mcreasing the absolute difference 
in Hildebrand solubility parameter between the graft stabilizer and the dispersant. 
Gel strength can be manipulated by selecting polymerizable organic compounds or 
mbctures of polymerizable organic compoimds for use in the graft stabilizer which 
have solubility parameters marginally less than, equal to, or marginally greater 
than that of the dispersant, but which yield an absolute difference in Hildebrand 
solubility parameter of between 2.3 and 3.0 MPa^^. In some instances, a weak or 
incipient gel may form which has a limited ability to impart sedimentation 
resistence to the ink when the absolute difference in Hildebrand solubility 
parameter is less than 2.5; therefore, it is more prefeiable that the solubility 
parameter difference is between 2.5 and 3.0 MPa*'^, most preferably between 2.6 
and 3.0 MPa'^ in a hydrocarbon solvent. These selected polymerizable organic 
compounds or mixture of polymerizable organic compounds are present in 
amounts of at least 80% by weight of the graft stabilizer polymer, more preferably 
at least 90% by weight, and most preferably at least 92% by weight. The strength 
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of the gel is directly related to the magnitude of the absolute diffiaence in 
HUdebrand solubility parameter between the graft stabilizer and the dispersant 
However, the range of absolute diiferenccs may vary depending upon the polarity 
of the solvent A sUgbt increase in polarity of the solvent can lower the absolute 
difference in Hildebiand solubiUty parameters. By the addition of a small amount 
of a more polar solvent to a hydrocarbon solvent, the lower threshold for gel 
foimation may be lowered to approximately 2.3 MPa"* as evidenced by Example 
36 in Table m of the Examples section. 

Alternatively, the effective HUdebrand solubility parameter of the 

dispersant liquid may be adjusted, for example, by selecting a dispersant having 
the appropriate Hildebiand solubility parameter or by blending solvents in the 
proper proportions so as to obtain an absolute difference in Hildebnmd solubUity 
parameter between the graft stabilizer and the dispersant liquid which falls within 
the range of 2.6 to 3.0 \4Pa"^. 

Those skilled in the art understand that the Hildebrand solubiUty parameter 
for a copolymer may be calcuhded using a volume fiaction weighting of the 

individual Hildebrand solubility parameters for each monomer comprising the 
copolymer, as described for binary copolymers in Barton A. F. M., Handbook of 
gpMitYParam^er? and Other Cohesion Pan.n.^.r. rpni>^„ n^^, p^^^^^ 
12 (1990). The magnitude of the Hildebrand solubility parameter for polymeric 
nutterials is also known to be weakly dependent upon the molecular weight of the 
polymer, as noted in Barton, pp 446^8. Thus, there will be a preferred molecular 
weight range for a given polymer, and gel strength may be additionally controlled 
by manipulating the molecular weight of the graft stabilizer (higher molecular 
weight yields stronger gels). Such methods of controUmg the molecular weight of 
a graft stabilizer are known to those skilled in the art, and include, but are not 
limited to, variation of mitiator concentration, temperanire and total reactant 
concoitration. 

According to Barton, the HUdebcand solubility parameter for polymeric 
materials is also weakly dependent upon the temperature of the dispersant liquid. 



12 



wo 97/12285 PCT/US96/15548 

Tims, gel Strength may also be Mntrolled by controlling 
the liquid ink is used 

In view of the dependence of the Hildebrand sohibility parameter for 
polymers on both the molecular weight of the polymer and the temperature, we 
have found it most convenient to define our invention in terras of the values of 
Hildebrand solubUity parameter for the polymerizable organic compounds which 
comprise the graft stabilizer precursor. Such polymerizable organic compounds 
include, but are not limited to monomers, oligomers, macromers and the like. It 
will thus be understood by those skilled in the art that the Hildebrand solubiUty 
parameter for a copolymer may be calculated usmg a volume fiaction weighting of 
the individual Hildebrand solubility parameters for each monomer comprising the 
copolymer, as described for binary copolymers m Barton, A. F. M., Handbook of 
PglYmCT-Ljqyfd Interaction Parameters and Snl..hii itv Puam^t^ CJtr Pr.c 
Boca Raton, FL, p 12 (1990). 

Similarly, the Hildebrand solubility parameter for a mixture may be 
calculated using a volume firaction weighting of the individual Hildebrand 
solubility parameters for each component of the mixture. Thus, the Hildebrand 
solubility parameter for a mixture of solvents or polymerizable organic 
compounds may be calculated using a volume fiaction weighting of the individual 
Hildebrand solubility parameters for each chemical compound comprising the 
solvent mixture. 

In addition, we have defined our invention in terms of the calculated 
solubUity parameters of the monomers and solvents obtained using the group 
contribution method developed by Small, P. A., J. ApdI. Chem.. 3, 71 (1953) 
using Small's group contribution values listed in Table 2.2 on page VII/525 in the 
Polymer Handbook. 3id Ed. J. Brandnq) & E. H. Immergut, Eds. John Wiley. 
NY, (1989). We have chosen this method for defining our invention to avoid 
ambiguities which could result fiom usmg solubility parameter values obtained 
with different experimental methods. In addition. Small's group contribution 
values will generate solubUity parameters which are consistem with data derived 
fiom measurements of the enthalpy of vaporization, and therefore are completely 
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consistent with the defining expression for the Hildebrand solubility parameter. 
Since it is not practical to measure the heat of vaporization for polymers, 
monomers are a reasonable substitution. 

Table I lists some the Hildebrand solubUity parameters for some common 
5 solvents used in an electrophotographic toner and the Hildebrand solubility 

parameters and glass transition temperatures for some common moiK>mers used in 
synthesizing organosols. 

Table I Hildebrand Solubility Parameters 
Solvent Values at 250c 
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Solvent Name 


Kauri-Butanol Number 
by ASTM Method Dl 133-54T 
(mL) 


Hildebrand Solubitity 
Parameter (MPai^) 


NoiparTM 15 


18 


13.99 


Norpar~13 


22 


14.24 


Norpar™ 12 


23 


14.30 


Isopar™ V 


25 


14.42 


Isopar^G 


28 


14.60 


Exxsol™D80 


28 


14.60 



Source: Calculated from equation #31 of Polymer Handboojc. 3rd Ed., J. Brandnip E H 
Immcrgut. Eds. John Wiley, NY, p. VII/522 (1989). 



Monomer Values at 25**C 



Monomer Name 


Hildebrand Solubility 
Parameter (MPa'^O 


Glass Transition 
Temperature (**C)* 


n-Octadecy] Methaoylate 


16.77 


-100 


n-Octadccyl Acrylate 


16.82 


-55 


Lauryl Methaoylate 


16.84 


-65 


Lauryl Acrylate 


16.95 


-30 


2-Ethylhcxyl Mediacrylate 


16.97 


-10 


2-Ethylhexyi Acrylate 


17.03 


.55 


n-Hexyl Meduunylate 


17.13 


-5 


t-Butyl Mctbacrylatc 


17.16 


107 


n-Butyl Methacrylate 


17.22 


20 


n-Hcxyl Acrylate 


17J0 


•60 


o-Butyi Acrylate 


17.45 


-55 


Ethyl Acrylate 


18.04 


-24 


Methyl Methacrylate 


18.17 


105 



Calculated usmg Small^s Group Contribution Method, Small. P,A. Journal of Anplied Chemistry 3 
p. 71 (1953). Using Group Contributions from Polymer Handbook . 3rd Ed., J. Brandnip EH 
20 Immergut,Eds.John Wilcy.NY.p. VI1/525{1989). 

* Polymer H^dt>ook, 3rd Ed., J. Brandrup E.H. Immcrgut, Eds.. John Wiley, NY. pp. VII/209- 
277 (1989). TheTgisofthehomopolymer f the respective monomer. 
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The carrier liquid or solvent may be selected from a wide variety of 
materials which arc known in the ait, but should have a Kauri-biitanol number less 
than 30 mL. The liquid is typically oleophilic, chemically stable under a variety 
of conditions, and electrically insulating. Electrically insulating refers to a 
dispersant liquid having a low dielectric constant and a high electrical resistivity. 
Preferably, the dispersant has a dielectric constant of less than 5; more preferably 
less than 3. Electrical resistivities of carrier liquids are typically greater than lO^ 
Ohm-cm; more preferably greater than lO'O Ohm-cm. The dispersant must also 
be relatively nonviscous to allow movement of the charged particles during 
development. The liquid must be sufficiently volatile to permit its removal from 
the final imaged substrate, but sufficiently non-volatile to minimize cv^rative 
losses in the developer. In addition, the dispersant must be chemically inert with 
respect to the materials or equipmrat used in the liquid electrophotographic 
process, particularly the photoreceptor and its release surface. Finally, the earner 
liquid must be safe in tenns of its physical (flammability), chemical, toxicological 
and environmental characteristics. 

Examples of suitable dispersants include aliphatic hydrocarbons (n- 
pcntane, hexane, heptane and the like), cycloaliphatic hydrocarbons 
(cyclopentane, cyclohexane and the like), aromatic hydrocarbons (benzene, 
toluene, xylene and the like), halogenated hydrocarbon solvents (chlorinated 
alkanes, fluorinated alkanes, chlorofluorocarbons and the like), silicone oils and 
blends of these solvents. Preferred carrier liquids include branched paraffinic 
solvent blends such as Isopar^ G, Isopar™ H, Isopar™ K, Isopar™ L, Isopar™ 
M and Isopar™ V (available from Exxon Corporation, NJ), and most preferred 
carriers are the aliphatic hydrocarbon solvent blends such as Norpar™ 1 2, 
Norpar™ 13 and Norpar™ 15 (available from Exxon Corporation, NJ). 

The graft stabilizer may be chemically bonded to the resin core (i.e., 
grafted to the core) or may be adsorbed onto the core such that it remains as an 
integral part of the resin core. Any number of reactions known to those skilled in 
the art may be used to effect grafting of the soluble polymeric stabilizer to the 
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organosol core during free radical polymerization. Common graaing methods 
include random grafting of polyfunctional free radicals; ring-opening 
polymerizations of cyclic ethers, esters, amides or acetals; epoxidations; reactions 
of hydroxyl or amino chain transfer agents with terminally-unsatuiatcd end 
groups; esterification reactions (i.e., glycidyl methacrylate undergoes tertiary- 
amine catalyzed esterification with methacrylic add); and condensation 
polymerization. 

Examples of suitable polymerizable organic compounds for use in the graft 
stabilizer composition non-exclusively include monomers such as, 2-ethylhexyl 
acrylate, lauiyl acrylate, octadecyl aciylate, 2-€thylhexyl(mcthacrylate), lauryl 
methacrylate. hydroxy(ethyhnethacrylate), octadecyI(methacrylate) and other 
acrylates and methaciy lates which meet the solubiUty parameter requirements 
described above. Other monomers, macromers or polymers may be used either 
alone or in conjunction with the aforementioned materials, including melamine 

and melamine fomialdehyde resins, phenol formaldehyde resins, epoxy resins, 
polyester resins, styrene and styrene/acryUc copolymers, acrylic and methacryUc 
esters, cellulose acetate and cellulose acetate-butyrate copolymers, and poly(vinyl 
butyial) copolymers. Piefeited molecular weights of the graft stabilizer are ^ 
50,000 Daltons (Da), more preferably i 1 50.000 Da, most preferably ^ 200,000 
Da. 

The polydispcrsity of the graft stabilizer also has an affect on imaging and 
transfer performance of the Uquid toners. Generally, it is desirable to maintain the 
polydispcrsity (the ratio of the weight-average molecular weight to the number 
average molecular weight) of the graft stabilizer below 15, more preferably below 
5, most preferably below 2.5. 

An additional feature of the present invention is the novel grafting site 
used to covalently bond the stabilizer to the insoluble core. The grafting site is 
formed by incorporating hydroxyl groups into the graft stabilizer during a first free 
radical polymerization and catalytically reacting all or aportion of these hydroxyl 
groups with an etlQrlenically unsaturated aliphatic isocyanate (e.g. meta- 
isopropenyldimethylbenzyl isocyanate [TMI] or 2-cyanatoethylmethacrylate 
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[lEM]) to form a polyuretfaane linkage during a subsequent non-fiee radical 
reaction step. The graft stabilizer is then covalently bonded to the nascent 
insoluble acrylic (Go)polymer core via reaction of the unsaturated vinyl group of 
the grafting site with ethylenically-unsaturated core monomers (e.g. vinyl esters, 
particularly acrylic and methacrylic esters with carbon niunbers < 7 or vinyl 
acetate; vinyl aromatics, such as styrene; aciylonitrile; n-vinyl pyrrolidone; vinyl 
chloride and vinylidene chloride) during a subsequent free radical polymerization 
step. 

Other methods of effecting grafting of the preformed polymeric stabilizer 
to the incipient insoluble core particle are known to those skilled in the art. While 
not wishing to restrict ourselves to any particular grafting mechanism, non- 
limiting examples of alternative grafting mechanisms axe exemplified in sections 
3.7-3.8 of Barrett Dispersion P olvmerization in Organic Media. K. E. J. Barrett, 
ed., (John Wiley: New York. 1975), pp. 79-106. A particularly usefid method for 
grafting the polymeric stabilizer to the core utilizes an anchoring group. The 
function of the anchoring group is to provide a covalent link between the core part 
of the particle and the soluble component of the steric stabilizer. Suitable 
monomers containing anchoring groups include: adducts of alkenylazlactone 
comonomers with an unsaturated nucleophile containing hydroxy, amino, or 
mercaptan groups, such as 2-hydroxyethylmethacrylate, 3- 
hydroxypropylmethaciylate, 2-hydroxyethylaciylate, pentaerythritol triaciylate, 4- 
hydroxybutylvinylether, 9-octadecen-l.ol, cinnamyl alcohol, allyl mercaptan, 
methallylamine; and azlactones, such as 2-alkenyl-4,4-dialkylaziactone of the 
structure 




17 



W097/1228S 

PCTAJS96/1S548 

Where, R' = H. or alkyl having 1 to 5 carbons, preferaUy one caibon. and 
are independently lower alkyl groups having 1 to 8 carbons, preferably 1 to 4 
carbons. Preferably the grafting mechanism is accomplished by grafting an 
ethylenicaUy-unsatuiated isocyanatc ae^ dimethyl-m-isopropenyl 

benzylisocyanate. available ftom CYTEC Industries) to hydroxyl groups 
previously incorporated into the graft stabUizer precursor (i.e.. hydroxy ethyl 
methacrylatc). 

The insoluble core is the dispensed phase of the polymer dispersion. The 
core polymer is made in sUu by copolymerization with the stabilizer monomer. 
For electrophotographic printing processes using offset transfer, the composition 
of the insoluble resin core is preferentiaUy manipulated such that the organosol 
exhibits an efifective glass transition temperature (Tg) of less than 250C. more 

preferably less than 60C. ControUing the glass tramation temperature d^^^^ 
to formulate an ink composition containing the resin as a major component to 
undergo rapid fitai forawtion (rapid self-fixing) in printing or imaging processes 
carried out at temperatures greater than the core Tg , preferably at or above 230C. 
Rapid self-fixing assists in avoiding printing defects (such as smearing or trafling- 

edge taUing) and incomplete transfer in high speed printing. TTie use of low Tg 
themioplastic polymeric binders to promote film formation is described in Z.W. 
Wicks. Film Formation Federation of Societies for Coatings Technologies, p 8 
(1986). 

The Tg can be calculated for a (co)polymer using known values for the 

high molecular weight homopolymers (Table I) and the Fox equation expressed 
below: 

1/tg = w,^gi + W2/Tg2 + WjH'ga + w/Tgi 

v*ere w, is the weight fraction of monomer «i" and Tgj is the glass transition 
temperahire of the high molecular weight homopolymer of monomer "i» as 
described in Wicks. A.W.. F.N. Jones & S.P. Pappas. Organic Coatiny . i. Joh„ 
Wiley, NY, pp 54-55 (1 992). 
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Another reason for using a latex polymer having a Tg<25**C is that such a 
latex can coalesce into a resinous fibn at room temperature. According to this 
invention, it has been found that the overprinting capability of a toner is related to 
the ability of the latex polymer particles to deform and coalesce into a resinous fibn 
5 during the air diying cycle oftheelectiophoretically deposited toner parti The 
coalescent puticles permit the electrostatic latent image to discharge during the 
imaging cycle, so another image can be overprinted. On the other hand, 
non-coalescent particles of the prior art retain tfieir shape even after being air dried 
on the photoreceptor. The points of contact are then few compared to a 
10 homogeneous or continuous fihn-forming latex, and as a result, some of the charges 
are retained on the unfused particles, repelling the next toner. Furthermore, a toner 
layer made of a latex having a core with a Tg > 25X may be made to coalesce into a 

fihn at room temperature ifthe stabilizer/core ratio is high enough. Thus the choice 
of stabilizer/(core + stabilizer) ratios in the range 20 wt% to 80 wL% can give 

15 coalescence at room temperature with core Tg values in a corresponding range IS^'C 
to lOS'^C. With a core Tg<25X the prefenred range of stabili2er/(core + stabilizer) 
ratio is 10 to 40 wt%. 

It will be understood by those skilled in the art that the requirements 
imposed on the self-fixing characteristics of a liquid toner will depend to a great 

20 extent upon the nature of the imagmg process. For example, rapid self-fixing of 
the toner to fomi a cohesive film may not be required or even desired if the image 
is not subsequently transferred to a final receptor. Thus in multi-color (i.e, multi- 
pass) electrostatic printing where a write-head or stylus is used to generate a latent 
electrostatic image directly on a dielectric receptor which serves as the final toner 

25 receptor material, a rapidly self-fixing toner fihn may be undesirably removed in 
passing under the stylus. 

The glass transition temperature of the organosol core has a direct 
relationship to the adhesion of the toner on the receptor. Poor adhesion may occur 
for toner layers that have both too much and too little cohesive strength. For 

30 example, toner layers havmg high cohesive strengths form strong continuous fihns 
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that can be easily pulled from the transfer media and toner layers having low 
cohesive strengths form a powde^ fibn that can be easily brushed off the surface 
of the receptor. If the toned image exhibits poor adhesion, then the image will be 
scraped off by the write-head or stylus causing poor image quality. TTiereforc, in 
an electrostatic system, the Tg of the the organosols are generally formulated such 
that the organosol core preferably has a glass transition temperature between 15«C 
and 55-C, mote preferably between 25»C and 45»C. However, the Tg range may 
be broadened by vary ing the surface energy of the toner receptor. For example, 
scraping is reduced or eliminated when fihn forming toners having lower glass 
transition temperatures (i.e., Tg = -PC) are used on dielectric paper substrates 
(i.e., Scotchprint™ 861 1 imaging dielectric paper, available from 3M). 
Altemalivcly. the sur&ce energy of the receptor may be increased to enhance 
adhesion to the receptor. 

In electrophotograhic applications using offset processes, organosols 
having Tg cores < -30OC do not transfer well from the offset roll to the final 
receptor due to their high tack; whereas organosols with core Tg's above room 
temperature (250C) do not form cohesive fikns resulting in poor image transfer 
from the photoconductor to the of&et roll and/or offset roll to final receptor. TTie 
integrity of the toned image during partial removal of the solvent also depends 
upon the core Tg. with lower Tg promoting film strength and image integrity at 
the cost of additional image tack. An organosol core Tg below room temperature 
is preferred to ensure tiiat tiie toner will in fact film form. Preferably, the 

minimum film fomiing temperatures are between about 23-450C and the 
organosol core Tg is below room temperature to allow die toner to form a fibn and 

maintain good image integrity during solvent removal and good cohesive strength 
during image transfer from tfie photoconductor onto eitiier a transfer medium or 
receptor. 

To yield the best offset transfer efficiency without causing excessive 
residual teck and blocking of the transferred image, an organosol core having a T„ 
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between -10»C and 20OC is preferred, more preferably between -5»C and 5"C. 
Under constant transfer roll pressure conditions, lower core Tg organosols exhibit 
100% transfer at lower temperatures than high Tg organosols. The results of toner 
transfer testing have been found to be dependent upon the extent of self-fixing or 
dryness of the toner fihn. In addition, toned images will require some finite 
drying time in order to allow fihn formation to occur. This drying can be 
accelerated by using heated air, vacuum drying, an electrostatically-biased or 
unbiased squeegee (to hydraulically remove excess dispersant) or other similar 
methods known in the art For example, the system described in U.S. Patent No. 
5,300,990. The rale of fihn formation (self-fixing) may also be accelerated by 
adding a plasticizer to the toned image to effectively lower the nunimum fihn 
forming temperature. 

Residual image tack after transfer may be adversely affected by the 
presence of high tack monomers, such as ethyl aciylate, in die organosol. 
Therefore, the organosols are generally formulated such that the organosol core 
preferably has a glass transition temperature (Tg) less than room temperature 
(250C) but greater than -lOX. A preferred organosol core composition contains 
about 75 weight percent ethyl aciytate and 25 weight percent methyl mediacrylate, 
yielding a calculated core Tg of = -lOc. This permits the toners to rapidly self-fix 
under normal room temperature or higher speed development conditions and also 
produce tack-firee fused hnages which resist blocking. 

The solubility parameter of the core is chosen such diat it differs from that 
of the dispersion medium in order to ensure that die core monomers will phase 
separate during dispersion polymerization (forming the core). The absolute 
difference in solubUity parameters between the core and die solvent is preferably 
greater than 3.0 MPa"^. Conversely, the solubility parameter of the shell 
monomers is chosen to closely match that of the dispersant m order to ensure that 
the stabilizer will be sufficiently solvated to dissolve in the dispersion medium. 
Therefore, both the solubUity parameter and the glass transition temperature 
should be considered in selecting die polymerizable organic compounds for use in 
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synthesizing either the core or sheU (graft stabilizer) of an organosol to achieve the 
desired results. 

The organosol core comprises approximately 30-95% of the organosol on a 
weight basis. Thus, the core's Tg wiU typicaUy dominate over the stabilizer's Tg 
and the organosol Tg may be taken as a first approximation to be the core Tg. A 
simple algebraic method based upon a composition-weighted sum of inverse T-'s 
(absolute temperature) can be used to calculate the effective Tg of a copolymer 
blend used to make-up an organosol core. Similar arguments allow an assumption 
that the solubility parameter of the stabilizer will generally control the stability of 
the organosol. Therefore, the stabilizer solubility parameter is preferably selected 
to closely match that of the dispersant for maximum aggregation stability, but not 
for gel formation. 

Using the data in Table 1 and applying the above criteria, it is noted that 

monomers such as ethyl acrylate and methyl methaciylate are most suitable for 
incorporation into an organosol core (Tg between -30°C and -25"C and solubility 

parameter far removed from that of Norpar™ 12 having a Hildebiand solubility 
parameter equal to 14.3 MPa"^). Similarly, monomers such as octadecyl 
methacrylate, octadecyl aciylate and lauiyl methaciylate are most suitable for 
incoiporation into the graft stabilijser (Mganosol shell). 

Examples of polymerizable organic conqwunds suitable for use in the 
organosol core include monomers such as, methyl aciylate. ethyl acrylate, butyl 
acrylate. niethyl(mcthacrylate). ethyl(methacrylate), butyl(methaciylate) and other 
acryUrtes and methacrylates. most prefaied being methylmethacrylate and 
ethylacrylate. Other polymers which may be used either alone or in conjunction 
with the aforementioned materials, include melamine and melamine formaldehyde 
resins, phenol fomialdehyde resins, epoxy resins, polyester resins, styrene and 
styrene/acrylic copolymers, vinyl acetate and vinyl acetate/acrylic copolymers, 
acrylic and methaciylic esters, cellulose acetate and cellulose acetate-butyrate 
copolymers, and poly(vinyl butyral) copolymers. 
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The optimal iveight ratio of the resin core to the stabilizer shell is on the 
order of 1/1 to 15/1, preferably between 2/1 and 10/1, and most preferably 
between 4/1 and 8/1 . Undesirable effects may accompany core/shell ratios 
selected outside of these ranges. For example, at high core/shell ratios (above 1 5), 
there may be insufficient graft stabilizer present to sterically-stabilize the 
organosol with respect to aggregation. At low core/shell ratios (below 1 ), the 
polymerization may have insufficient driving force to form a distinct particulate 
phase resulting in a copolymer solution, not a self-stable organosol dispersion. 

The particle size of the organosols also influences the imaging, drying and 
transfer characteristics of the liquid inks. Preferably, the primary particle size 
(deteimined with dynamic light scattering) of the organosol is between about 0.05 
and 5.0 microns, more preferably between 0.15 and 1 micron, most preferably 
between 0.20 and 0.50 microns. 

A liquid ink utilizing the aforementioned gel organosol comprises colorant 
particles embedded in the thermoplastic organosol rcsm. Useful colorants are well 
known in the art and include materials such as dyes, stains, and pigments. 
Preferred colorants are pigments which may be incorporated into the polymer 
resin, are nominally insoluble in and nonreactive with the carrier liquid, and are 
useful and effective in making visible the latent electrostatic image. Examples of 
suitable colorants include: phthalocyanine blue (C.I. Pigment Blue 15:1, 15:2, 
15:3 and 15:4), monoarylide yellow (C.L Pigment Yellow 1, 3, 65, 73 and 74), 
diarylide yellow (C.L Pigment Yellow 12, 13, 14. 17 and 83), arylamide (Hansa) 
yellow (CI. Pigment Yellow 10, 97, 105 and 1 1 1), azo red (CI. Pigment Red 3. 
17, 22, 23, 38, 48:1, 48:2, 52:1, 81 and 179), quinacridone magenta (CI. Pigment 
Red 122, 202 and 209) and black pigments such as finely divided carbon (Cabot 
Monarch 120, Cabot Regal 300R, Cabot Regal 350R, Vulcan X72) and the like. 

Visual enhancing additives, such as fluorescent materials, pcarlescent 
materials, iridescent materials, metallic materials, flip-flop pigments, silica, 
polymeric beads, reflective and non-reflective glass beads, and mica may also be 
added in place of a colorant to provide a visually enhanced image. The visual 
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enhancing additives may be used dtfaer alone or in combination with the above 
pigments to produce images with the desired visual effects. 

The total dispersed material in the earner liquid typically represents 0.5 to 
70 weight percent, preferably between 1 and 25 weight percent, most preferably 
between 2 and 12 weight percent of the total liquid developer composition. The 
optimal weight ratio of resin to colorant in the toner particles is on the order of 1/1 
to 20/1, preferably between 3/1 and 10/1 and most preferably between 5/1 and 8/1. 
However, in electrostatic systems where the image is formed directly onto 
dielectric paper elements (i.e.. Scotchprint™ 861 1 imaging dielectric paper), the 
optimal weight ratio of resin to colorant is preferably between 0.5/1 and 8/1. more 
preferably between 0.5/1 and 6/1, most preferably between 1/1 and 3/1. Weight 
ratios of resin to colorant within the preferred ranges assist in the reduction of 
poor image quality due to overprint bleeding or scraping of the image by the 
write-head. If the toner is allowed to bleed or difiuse in the dielectric paper, the 
image becomes bluired thus reducing the quality of the image. It is believed that 
image bleed may also be addressed by changing the polymer system to one having 
a larger solubility parameter difference which may result in a toner that does not 
cany out as much solvem thus resulting in less bleed. 

Other additives may also be added to the dispersion, such as UV 
stabilizers, mold inhibitors, bactericides, fungicides, and other materials which 
enhance weatherability. 

The gel organosols of the present invention have been used to fabricate 
liquid electrophotographic toners which exhibit excellent imaging characteristics 
in liquid immersion development For example, the gel oiganosol liquid toners 
exhibit low bulk conductivity, low free phase conductivity, low charge/mass and 
high mobility, all desirable characteristics for producing high resolution, 
background free images with high optical density. In particular, the low bulk 
conductivity, low fiee phase conductivity and low chai^e/mass of the toneis allow 
them to achieve high developed optical density over a wide range of solids 
concentrations, thus improving their extended printing perfomiance relative to 
conventional toiwrs. 
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Color liquid tonos made according to this invention on development foim 
substantiaUy tnmspaient iams MWch transmit inddentli^^ 
(preferably > 700 mn, more imsferably > 780 nm), consequently allowing ^ 
photoconduttor layer to discharge, whfle non-coalescent particles scatter a portion of 
the mcident light Non-coalesced toner particles therefore result in the decreasing of 
the sensitivity of the photoconductor to subsequent exposures and consequently 

there is interference with the oveiprinted in^ge. This also pennits latCT^ 
generation by Infiared laser scanning devices. 

The toners of the present invention have low Tg values with respect to most 
available toner materials. TWs enables the toners of the present invention to form 
fibns at room temperature. JHs not necessaiy for any specific diying procedures or 
heating elements to be present in the apparatus. Normal room temperature 
(I9-20«'C) is suflBcient to enable film fimning and of course the ambiem internal 

temperatures of the apparatus during operation which tends to be at a higher 
temperature(e.g.. 25.40''C) even without specific heating elements is sufficient to 
causethetoneroraUowthetonertofonnafihn. It is therefore possible to have the 
apparatus operate at an internal temperature of 40»C or less at the toning station and 
immediately thereafter where a fiising operation would ordinarily be located. 

TTxe gel organosol liquid toners also exhibit improved transfer 
characteristics relative to conventional inks used in the art, particularly vwth offset 
transfer processes. TTie rapid-fixing characteristics of the toners permit their use in 
liquid development/dry adhesive offset transfer imaging processes. Dry adhesive 
transfer elimin^ the need for coronas or other charging devices to 

electrostaticaUy assist transfer of a wet image from the imaging surfitoe to the 
prefeired substrate. In addition, dry adhesive transfer of the toner fimher reduces 
cany-out of excessive solvent vapors with the unage. as would occur with 
conventional electrostatically-assisted transfer processes. 

An electrophotographic liquid toner may be formulated by incorporating a 
charge control agent into the liquid ink. TTie charge control agent, also known as a 
charge director, provides uniform charge polarity of the toner particles. Tlie charge 
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director may be incorporated into the toner parf^ 

such as chanically reacting the charge director with the toner particle, chemically 
or physically adsorbing the charge director onto the toner particle (resin or 
pigment), or chelating the charge director to a functional group incorporated into 

5 the toner particle. A preferred method is via a functional group built into the graft 
stabilizer. The charge director acts to impart an electrical charge of selected 
polarity onto the toner particles. Any number of charge directors described in the 
art may be used. For example, the charge director may be introduced in the form 
of metal salts consisting of polyvalent metal ions and organic anions as the 

0 counterion. Suitable metal ions include BaGI), CaGI). MnGI), ZnQl), ZriJV), 
CuOI), Mm. Ci<ni), Fe(II), Feail), SbGU), BiOII), Coai), LaOII). PbOI), 
Mgai), Moail), Ni(n), Ag(I), Sr(II), Sn(IV), V(V), Yail). and Ti(lV). Suitable 
o^anic anions include carboxylates or sulfonates derived fiom aliphatic or 
aromatic carboxylic or sulfonic acids, preferably aliphatic fatty acids such as 

5 stearic acid, behenic acid, neodecanoic acid, diisopropylsalicylic acid, octanoic 
acid, abietic acid, naphthenic acid, octanoic acid, lauric acid, tallic acid, and the 
like. Preferred positive charge directors are the metallic carboxylates (soaps) 
described in U.S. Patent 3.41 1,936, incorporated herein by reference, which 
include alkaUne earth- and heavy-metallic salts of fatty acids containing at least 6- 

) 7 carbons and cyclic aliphatic acids including naphthenic acid; more preferred are 
polyvalent metal soaps of zirconium and aluminum; most preferred is the 
zirconium soap of octanoic acid (Zirconium HEX-CEM from Mooney Chemicals, 
Cleveland, OH). 

The preferred charge direction levels for a given toner formulation will 
5 depend upon a number of factors, including the composition of the graft stabilizer 
and organosol, the molecular weight of the organosol, the particle size of the 
organosol, the core/shell ratio of the graft stabilizer, the pigment used in making 
the toner, and the ratio of organosol to pigment In addition, preferred charge 
direction levels will also depend upon the nature of die electrophotographic 
) imaging process, particularly die design of the developing hardware and 

photoreceptive element. Those skilled in the art, however, know how to adjust the 
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level of charge direction based on the listed parameters to achieve the desired 
results for their particular plication. 

The conductivity of a liquid ton^ has been well established in the ait as a 
measure ofthe effectiveness ofa toner in developiiig electrophotographic images. A 
5 range of values &om LOxlO"" mho/cm to 10,0x10'" mho/cm has been disclosed as 
advantageous in U.S. 3,890^40. High conductivities generally indicate inefficient 
association of the charges on the toner particles and is seen in the low relationship 
between current density and toner deposited during development Low 
conductivities indicate little or no charging of the toner particles and lead to very 

10 low development rates. The use of charge director compomids to ensure sufficient 
charge assodated-with each particle is a common practice. Hierc has, in recent 
times, been a reaUzation that even with the use of charge directors there ca^ 
unwarned charge situated on charged species in solution m the carrier Uqm^^ Such 
charge produces inefficiency, instabflity and inconsistency in the development U.S. 

15 Patent No. 4,925,766 discloses that at least 40% and preferably at least 80% of the 
total charge in the liquid toner should be situated and remain on the toner particles. 

Suitable efforts to localize the charges onto the toner particles and to ensure 
that there is substantially no migration of charge from those particles into the liquid, 
and that no other unwanted charge moieties are present in the liquid, give substantial 

20 improvements. As a measure of the required properties, we use the ratio between 
the conductivity of the canier liquid as it appears in the liquid toner and the 
conductivity ofthe liquid toner as a whole. This ratio must be less than 0.6 
preferably less than 0.4 and most preferably less than 0.3. Many prior art toners 
exaniined have shown ratios much larger than this, in the region of 0.95. 

25 Any number ofmethods may be used for effecting particle size reduction 

ofthe pigment in preparation of the gel liquid toners. Some suitable methods 
include high shear homogenization, ball-milling, attritor milling, high energy 
bead(sand) milling or other means known in the art. 

In electrophotographic and electrographic processes, an electrostatic image 

30 is formed on the surface of a photoreceptive element or dielectric element, 
respectively. The photoreceptive element or dielectric element may be an 
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inteimediate transfer drum or belt or the substrate for the final toned image itself, 
as described by Schmidt. S. P. and Larson, J. R. in Handbook of Tm«p mp 
Materials Diamond, A. Ed: Marcel Dekken New York; Chapter 6. pp 227-252, 
and U. S. Patent Nos. 4,728,983, 4.321,404, and 4,268,598. 

to electrography. a latent image is typically formed by (1) placing a charge 
image onto the dielectric element (typically the receiving substrate) in selected 
areas of the element with an electrostatic writing stylus or its equivalent to form a 
charge image. (2) applying toner to the charge image, and (3) fixing the toned 
image. An example of this type of process is described in U.S. Patent No. 
5,262,259. 

Images formed by the present invention may be of a single color or a 
plurality of colors. Multicolor images can be prepared by repetition of the 
charging and toner application steps. Examples of electrophotographic methods 
suitable for producing fiill color reproductions are described by U.S. Patent Nos. 
2,297.691; 2,752.833; 2,986.466; 3.690,756; 4.403.848; 4.370,047; 4.467^34; 
4.728,983; 5,420,675; and European Patent AppUcation No. 0,453,256. Examples 
of suitable transfer and fixing processes are described in U.S. Patent Nos. 
4.337,303; 5.108,865 and 5,204,722. 

In electrophotography, the electrostatic image is typically formed on a 
drum or belt coated with a photoreceptive element by (1 ) uniformly charging the 
photoreceptive element with an applied voltage, (2) exposing and discharging 
portions of the photoreceptive element with a radiation source to form a latent 
image, (3) applying a toner to the latent image to form a toned image, and (4) 
transferring the toned image through one or more steps to a final receptor sheet In 
some applications, it is sometimes desirable to fix the toned image using a heated 
pressure roller or other fixing methods known in the art. WhUe the electrostatic 
charge of either the toner particles or photoreceptive element may be either 
positive or negative, electrophotography as employed m the present invention is 
preferably carried out by dissipating charge on a positively charged photoreceptive 
element. A positively-charged toner is then applied to the regions in which the 
positive charge was dissipated using a liquid toner immersion development 
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technique. This developnient may be accomplished by using a uniform electric 
field produced by a development electrode spaced near the photoreceptive element 
surface. A bias voltage is applied to the electrode intermediate to the initially 
charged sur&ce voltage and the exposed suriFace voltage level. The voltage is 
adjusted to obtain the required maximum density level and tone reproduction scale 
for half-tone dots without any background deposited. Liquid toner is then caused 
to flow between the electrode and the photoreceptive element. The charged toner 
particles are mobile in the field and are attracted to the discharged areas on the 
photoreceptive element while being repelled from the undischaiged non-image 
areas. Excess Uquid toner remaining on the photoreceptive element is removed by 
techniques weU known in the art, such as those described in U.S. Patent No. 
5,300,990. Thereafter, the photoreceptive element surface m^ be force dried or 
allowed to dry at ambient conditions. 

A particularly useiiil electrophotographic process for forming a multi- 
colored image on a receptor involves the steps of (i) applying a uniform positive 
charge of approximately 600 volts on the surface of a photoreceptive element, (ii) 
exposing and partially discharging the surface of the photoreceptive clement with 
a laser scanning device in an image-wise pattern to create a latent image, (iii) 
applying a liquid color toner to the latent image to form both a toned image and a 
uniform surface charge on the photoreceptive element, (iv) removmg excess liquid 
toner, (v) drying the toned image, and (vi) transferring the toned image either 
directly or indirectly onto a final receptor. To form multi-coloi«J images, steps (ii) 
through (v) are repeated until all the desired colors are formed on the 
photoreceptive element prior to transferring the images cither direcfly or indirectly 
onto a final receptor. Unlike conventional electrophotographic processes, this 
process of forming multi-colored images may be accompUshed witiwut erasing die 
residual charge and recharging the surface of the photoreceptive element prior to 
scanning and developing a subsequent image. The liquid toner of the present 
invention provides sufficient charge in the imaged areas to allow the creation of a 
subsequent latent image without erasing and recharging the surface. 
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According to U.S. Patent No. 5,061,583, for development of muM-colored 
half-tone images of the highest quality, the liquid toners may be characterized by 
two parameters: (1) more than 70% of the conductivity is contributed by the 
charged toner particles as opposed to the background conductivity contri^ 
ionic species in solution in the carrier liquid; and (2) the zeta potential of the 
particles is within a range from 60 mV to 200 mV, In the present invention, the 
low bulk conductivity, low free phase conductivity, low charge-per-mass and 
moderate zeta potmtial (50-100 mV) are unique characteristics of the gel 
organosol based toners which provide high resolution and high speed multiH:olor 
images in liquid immersion development electrophotographic processes, 
particularly, when combmed with an inverted dual layer photoconductor and the 
single pass process described above. Fast photoreccptive elements generally 
operate in a region in which the total charge on the photoreccptive is equalized by 
development of toner, that is, development occurs substantially to completion. 
Under such conditions, high optical density is favored by low toner charge/mass, 
or eqmvalently, low toner charge per unit of developed optical density. 

There has in recent times been a real ization that even with the use of 
charge directors tiiere can be. much unwanted charge situated on charged species in 
tile liquid medium which is not associated with the toner particles. Such free 
charged species (if unpigmented and charged to the same polarity as tiie toner 
particles) can compete with toner particles in developing die latent image, leading 
to a reduction in developed optical density. Similarly, free charged species having 
opposite polarity to tiie toner particles can develop in non-imaged areas of tiie 
photoreceptor, leading to difficulties in depositing subsequent toner layers onto 
tiiese areas or causmg an increase in background widun die non-imaged areas. 

A good correlation between high optical density, low background toner 
development, uniform overtoning (overprinting) of one color plane onto anotiier 
and dot sharpness on the one hand, and low free phase conductivity levels for 
liquid toners has also been found. Preferably, the percentage of free phase 
conductivity relative to die bulk toner conductivity will be less tfian 30%, more 
preferably less than 20%, most preferably less tiian 1 0%. 
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Once the toned image is formed on the photoieceptive element, the image 
may then be transfored to a final receptor (e.g:, paper or film) using a variety of 
processes which are known in the art Preferred processes for effecting transfer of 
the toner fibn are oflfset transfer processes such as those described in U.S. Patent 

5 Nos. 5,108,865; and 5,204,722. The most preferred method of transferring the 
image fiom the photoreceptive element to the final receptor uses an inteimediate 
transfer roll which is coated with a silicone or fluorosilicone elastomer 
composition and heated to between 80-1 00*C and which applies a force of 
approximately 40-80 Ibf across the entire contact zoiie with the photoreceptor. 

0 Most preferred is the Dow Coming 94-003 fluorosaicone elastomer heated to 
between 85-95''C. 

The substrate for receiving the image from the photoreceptive element can 
be any commonly used receptor material, such as paper, coated paper, polymeric 
films and primed or coated polymeric fihns. Polymeric fihns include plasticized 
5 and compounded polyvinyl chloride (PVC), acrylics, polyurethanes, 

polyethylene/acrylic acid copolymer, and polyvinyl butyrals. Commercially 
available composite materials such as those bavmg the trade designations 
Scotchcal™, Scotchlite™, and Panaflex™ are also suitable for preparing 
substrates. 

• The transfer ofthe formed image from the charged surface to the final 

receptor or transfer medium may be enhanced by the incorporation of a release- 
promoting material within the dispersed particles used to form the image. The 
incorporation of a silicone-containing material or a fluorine-containing material m 
the outer (sheU) layer of the particle facilitates the efficient transfer ofthe image. 

Toners are usually ixepared in a concentrated form to conserve storage 
space and reduce transportation costs. In order to use the toners in the printer, the 
concentrate is diluted with additional carrier liquid to give what is termed the 
woricing strength liquid toner. The gel organosol provides an efficient method for 
formulating a high solids ink. Unlike other dispersions, the gel organosol will 
phase separate into two phases; one phase comprising primarily a portion ofthe 
earner liquid and the other phase a concentrated gel organosol dispersion. Once 
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sqiarated, the gel oiganosol can be simply redispersed with mixing or by removal 
of the separated carrier liquid form a concentrate of the dispersion. A high solids 
ink for printing or replenishment may be produced by allowing the organosol to 
gel and then decanting or siphoning off the supernatant liquid, thus forming a 
5 concratrate of tiie gel polymer in the dispersant liquid. A variety of alternative 
methods for concentrating the organosol or ink are well known in the art, such as 
gravity settling, centrifugation, filtration, controlled flocculation, etc. The carrier 
liquid may be removed either prior to or after the addition of the pigiiient and/or 
charge director and either before or after milling the toner. Removal of the 

10 separated carrier liquid after the addition of the colorant(s) and charge director to 
the dispersion has an added advantage of fiirther reducing the percentage of fiee 
phase conductivity. 

In multicolor imaging, the toners may be applied to the surface of the 
dielectric element or photoreccptive element in any order, but for colorimetric 

1 5 reasons, bearing in mind the inversion that occurs on transfer, it is sometimes 

preferred to apply the images in a specified order depending upon the transparency 
and intensity of the colors. A preferred order for a direct imaging or a double 
transfer process is yellow, magenta, cyan and black; for a single transfer process, 
the preferred order is black, cyan, magenta and yellow. Yellow is generally 

20 imaged first to avoid contamination fiom other toners and black is generally 
imaged last due to the black toner acting as a filter of the radiation source. 

In order to ftmction most effectively, liquid toners should have 
conductance values in the range of 50 to 1200 picomho-cm"'. Liquid toners 
prepared according to the present invention have conductance values of firom 100 

25 to 500 picomho-cm " for a dispersion containing 2.5% by weight solids. 

Overcoating of the transferred image may optionally be carried out to 
protect the image fiom physical damage and/or actinic damage. Compositions for 
overcoatings are well known in the art and typically comprise a clear film-forming 
polymer dissolved or suspended in a volatile solvent. An ultraviolet light 

30 absorbmg agent may optionally be added to the coating composition. Lamination 
of protective layers to the image-bearing surface is also well known in the an and 
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may be used with this invention, such as the laminates described in U.S. Patent 
No. 4.728,983. 

These and other aspects of the present invention are demonstrated in the 
illustrative examples that follow. 

EXAMPLES 

The catalysts used in the examples are Azobisisobutyronitrile (designated 
as AIBN, VAZO^-64 available from DuPont Chemicals, Witaiington, DE); and 
Dibutyl Tin Dilaurate (designated as DBTDL, available from Aldrich Chemical 

10 Co., Milwaukee, WI). The monomers are all available from Scientific Polymer 
Products, Inc., Ontario, NY unless designated otherwise. It is understood that the 
listing of this source is not intended to limit the scope of this invention, and that 
equivalent chemicals are available from alternative siq)pliers. 

The monomers used in the examples are designated by the following 

1 5 abbreviations: n-Butyl Acrylate (B A); n-Butyl Methacrylate (BMA); Ethyl 

Acrylate (EA); 2-Ethylhexyl Methacrylate (EHMA); n-Hexyl Acrylate (HA); 2- 
Hydroxyethyl Methacrylate (HEMA); n-Hexyl Methacrylate (HMA); 2- 
Cyanatoethy I Methacrylate (lEM); Lauryl Acrylate or Dodecyl Acrylate (LA); 
Lauryl Methacrylate or Dodecyl Methacrylate (LMA); 

20 Methyl Methacrylate (MMA); Octadecyl Acrylate or Stearyl Acrylate (ODA); 

Octadecyl Methacrylate or Stearyl Methacrylate (ODMA); tert-Butyl Methacrylate 
(TBMA); and Dimethyl-m-isopropenyl benzylisocyanate (TMI, available from 
C YTECIndustries, West Paterson, NJ). 

The following test methods were used to characterize the polyrxiers of the 

25 following examples. 

Percent Solids of Graft Stabili zer, Organosol and Liouid Toner: 

Percent solids of the graft stabilizer solutions and the organosol and ink 
dispersions were determined gravimetrically using an infrared drying oven 
30 attachment to a precision analytical balance (Mettler Instruments, Inc., 
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Hightstown, NJ). Appraxiinately two grains of san^Ie were used in each 
deteraiinatton of percent solids using this sample diy down method. 

Graft Stahili rer Molecular W^fp hf- 

Various properties of the graft stabilizer have been detennined to be 
important to the performance of the stabilizer, including molecular weight and 
molecular weight polydispersity. Graft stabilizer molecular weight is normally 
expressed in terms of the weight average molecular weight QAJ, while molecular 
weight polydispersity is given by the ratio of the weight average molecular weight 
to the number average molecular weight (M^). Molecular weight parameters 
were determined for graft stabilizers with get permeation chromatography (GPC) 
using tetrahydrDfiiran as the carrier solvent. Absolute was deteraimed using a 
Dawn DSP-F light scattering detector (Wyatt Technology Corp., Santa Barbara. 
CA), while polydispersity was evaluated by ratiomg the measured to a value 
of M„ determined with an OpUlab 903 differential rcfractometer detector (Wyatt 
Technology Corp, Santa Barbara, CA). 

Organosol Particle Size : 

Organosol particle size was detennined by dynamic light scattering on a 
diluted toner sample (typically < 0.0001 g/mL) using a Malvem Zetasizer HI 
Photon Corretation Spectrometer (Malvern Instruments Inc., Southborough, MA). 
The dUute samples were ultrasonicated for one minute at 100 watts and 20 kiloHz 
(kHz) prior to measurement. Dynamic light scattering provides a fast method of 
determining the particle tnmslational diffusion coefficient, which can be related to 
the z-average particle diameter without detaUed knowledge of the optical and 
physical properties (i.e. refiactive index, density and viscosity) of the organosol. 
Details of the method are described in Chu, B., Laser Scattering Academic Press, 
NY, 1 1 A (1974). Since tiie organosols are comprised of nearly monodisperse, 
uniform spherical particles, dynamic light scattering provides an absolute measure 
of particle size for particles having diametere between 25-2500 nm. 
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Liquid Tone r Propertiy <^- 

The characterization of a liquid toner requites the measurement of a 
number of physical and chemical properties of the toner as well as direct 
evaluation of image quality obtained by developing the toner in a liquid 
electrophotographic imaging mechanism. The measured toner characteristics can 
be roughly broken down into size-relatcd properties (particle size), charge-related 
properties (bulk and free phase conductivity, dynamic mobility and zeta potential. 

and charge/developed reflectance optical density (Q/ROD). a parameter which is 
directly proportional to the toner chaige/mass. 

Particle Size : 

Toner particle size distributions were detemiined using a Horiba LA-900 laser 
diffraction particle size analyzer (Horiba Instruments. Inc., Irvine. CA). Toner 
samples were diluted approximately 1/1 500 by volume and sonicated for one 
minuteatl50wattsand20kH2priortomeasuiement. Toner particle size was 
expreaajd on a number^verage basis in order to provide an indication of the 
fiindamental (primary) particle size of the ink particles. 

Toner Condyerivity 

The liquid toner conductivity (bulk conductivity, k^) was determined at 
approximately 18 Hz using a Scientifica model 627 conductivity meter 
(Scientifica Instruments, Inc., Princeton. NJ). In addition, the free (dispersant) 
phase conductivity (kf) in die absence of tomr particles was also determined. 
Toner particles were removed from the liquid medium by centrifugation at S^C for 
1-2 hours at 6.000 ipm (6,1 10 relative centrifugal force) in a Jouan MR1822 
centrifiige (Winchester, VA). The supernatant liquid was tiien carefiilly decanted, 
and tiie conductivity of this liquid was measured using a Scientifica Model 627 
conductance meter. The percentage office phase conductivity relative to the bulk 
toner conductivity was then determined as: 1 00% (kj/k,,). 
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Particle Mobilhv; 

TMier particle electrophoretic mobiliQr (dynamic mobUity) was measured 
using a Matec MBS-SOOO Electrokiiietic Sonic Amplitude Aoaiyzer (Matec 
5 Applied Sciences, Inc., Hopkinton, MA). Unlike electrokinetic measurements 
based upon microelectrophoresis, the MBS-8000 instrument has the advantage of 
reqmring no dilution of the toner sample in order to obtain the mobility value. 
Thus, it was possible to measure toner particle dynamic mobility at solids 
concentrations actually preferred in printing. The MBS-8000 measures the 
10 response of charged particles to high frequency (1 .2 MHz) alternating (AC) 

electric fields. In a high frequency AC electric field, the relative motion between 

diarged toner particles and the surrounding diq)ersion medium (includmg 
counter-ions) genoates an ultrasonic wave at the same frequency of the applied 
electric field. The amplitude of this uhrasonic wave at 1 .2 MHz can be measured 
15 using a piezoelectric quartz transducer; this electrokmetic sonic amplitude (ESA) 
is direcUy proportional to the low field AC electrophoretic mobility of the 
particles. The particle zeta potential can dten be computed by the instrument from 
die measured dynamic mobility and the known toner particle size, dispersant 
liquid viscosity and liquid dielectric constant. 

20 

Particle Charoi.- 

Toner charge/mass is an important, albeit difBcult to determine parameter 
useful ui predicting the development characteristics (e.g. optical density, 
overtoning uniformity) for liquid toners. The difficulty in determining 

25 charge/mass for liquid toners arises from tiie low developed toner mass (typically 
50-200 micro grams/cm^) associated with die desired developed optical densities 
(typically > 1 .2 reflectance optical density units). A related parametw which is 
directfy proportional to toner charge/mass is the toner charge/developed optical 
density. This parameter was determiried by plating ink particles in distinct bands 

30 covering a range of known plating potentiaU onto a dielectric sheet coated witii a 
silicone release layer while »multaneously monitoring the total current flow witii 
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a sensitive electrometer. The resulting plated toner layer was then air dried and 
transferred using an of&et transfer process to plain paper. The reflectance optical 
densify of the completely transferred toner fihn on paper was determined using a 
Gretag SPM50 reflectance optical densitometer (Gretag Instruments Inc., 
Regensdorf, Switzerland). The ratio of the total current to the product of the 
plated toner area and the developed optical density yields the charge/ROD value 
for that toner, i.e. Chaige/ROD = (Total Currenty[(Plated AieaXReflectance 
Optical Density)]. 

Examples 1-8 desaibe preparations for different types of copolymer graft 
stabilizers; Examples 9-16 describe preparations for different types of terpolymer 
graft stabilizers; Examples 1 7-19 describe preparations for graft stabilizers in 
altanative solvent systems; Examples 20-25 illustrate comparative non-gel 
organosols and gel organosols based on copolymer graft stabilizers; Examples 26- 
33 illustrate comparative npn-gel organosols and gel organosols based on 
terpolymer graft stabilizers; Examples 34-36 illustrate gel organosols formed in 
alternative solvent systems; Examples 37-40 illustrate liquid color toners based 
on gel organosols; and Examples 41 and 42 illustrate diffetent methods of 
preparing a high solids toner. 

GRAFT STABnJ7.rP.<; 

We will now describe various methods for obtaining a gel organosol. The 
crux of the invention lies in manipulating the composition of a preformed graft 
stabilizer such that this (co)polymer is near its incipient phase sqiaration point in 
the diq)ersant liquid. The resulting graft stabilizer remains in a fieely flowing, 
easily handled solution, yet fonns a gel organosol when covalently bonded to the 
insoluble core of a nascmt organosol in a subsequent polymerization step. 

In Table II, we have tabulated the calculated values of Hildebrand 
solubility parameter for the monomer blends comprising the graft stabilizer 
precursors prepared in each of the following examples. We have excluded the 
solubility parameter contribution fix)m the grafting site incorporated into each 
graft stabilizer to illustrate that the method of foraiing a gel organosol is not 
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dq>eiKleiit on any particular grafting me^^ 

approximation, ance in all cases, the grafting site contributes less than 7.5% 
(wAv) to the total composition of tfie graft stabilizer. 

Table II also lists values of Hildebrand solubility parameter for tiie 
solvents or solvent blends used in each example. The Hildebrand solubiUty 
parameteis for tiie commercially available hydrocarbon blends used in our 
examples (i.e. Norpar™ 12, Noipar™ 1 3, Isopar™ V and Exxsol™ D80) were 
calculated from the known Kauri-butanol values for tiiese solvents as provided by 
their manufacturer. 
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Table II 



l>uTflnii%l* 
K»Aaiii|jic 

Numkier 


uratt otabiUzer 
Composition 

(%w/w) 


Stabilizer 
Hildebnind 

Solubility 
Parameter 

(MPal/2) 


Dispenaat 
Uquid 


DispcrsaDt 
HOdebraad 

Solubility 
Parameter 

(MPal^) 


Hltdebrand 
Solubility 
Parameter 
DilTereice 

(|MPal/2|) 


1 

Compatative 


i«m/v tllU^v%- 1 Ml 

97/W.7 


16.84 


NofparT** 12 


14.30 


2.54 


2 

Comparative 


oMLA/ncMA* 1 Ml 

97/3 


17.22 


Nofpar«* 12 


14.30 


2.92 


3 


crtcvi/vrlCiMA" 1 Ml 
97/3-4.7 (Mw 
^n*? ifvi r^A\ 


16.97 


NoipafTx 12 


14.30 


2.67 


4 


EHMA/HEMA-TMI 

97/3-4.7 (Mw 
170 n^n r%A\ 


16.97 


Norpar^l2 


14.30 


2.67 


5 

Comparative 


LA/HEMA-TMl 
97/3^.7 


16.95 


Noipar«*12 


14.30 


2.65 


6 

Compamive 


ioMA/ncMA 
97/3 


17.16 


Nofparn«12 


14.30 


2.86 


7 


HMA/HEMA-TMl 


17.13 


Noipar^M 12 


14.30 


2.83 


8 


HA/HEMA-TMI 
97/3^.7 


17.30 


Nofpar^M 12 


I4J0 


3.00 


A 

y 

Comparative 


ODA/ODMA/HEM 
A-TMI 
48.5/48.5y3^.7 


16.79 


NorparTw 12 


I4J0 


2.49 


lU 

Comparative 


LMA/EHMA/HEMA 
-TMI 
72.75/24.25/3-4.7 


16.87 


Noipar'** 12 


14.30 


2.57 


11 

CcMnpaniive 


LMA/EHMA/HEMA 
-TMI 
48.5/48.5/3^.7 


16.90 


NoiparTM 12 


14.30 


2.60 


12 


LMA/EHMA/HEMA 
-TMI 
24^5/72.75/3-4.7 


16.94 


NorpafTM 12 


14.30 


2.64 


13 


ODMA/BA/HEMA- 
TMI 
72.75/24.25/3-4.7 


16.93 


Norpar^ 12 


14.30 


2.63 


14 


ODA/TBMA/HEMA 
•JMJ 
24.25/72.75/3-4,7 


17.07 


Noipar™ 12 


14.30 


2.77 


15 


LMA/HMA/HEMA- 
TMI 
24.25/72.75/3-4.7 


17.06 




lA in 


2.7o 


16 


LA/EHMA/HEMA- 
TMI 
48.5/48.5/3-4.7 


16.96 


Nofpar~l2 


14.30 


2.66 


17 


EHMA/HEMA-TMI 
97/3-4.7 


16.97 


NorparTM 13 


14.24 


2.73 


18 


EHMA/HEMA-TMI 
97/3-4.7 


16.97 


Isopar™ V 


14.42 


2.55 


19 


EHMAmEMA-TMl 
97/3-4.7 


16.97 


Exxsol™ 
D80 


14.60 


2J7 
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In the foltewmg examples of graft Stabilizer preparation, it 
conveniwit to summarize the compositional details of each particular graft 
stabilizer by ratioing tiie weight percentages of monomers used to create the graft 
stabUizBT precursor. The grafting site composition is tiien expressed as a weight 
percentage of the monomers comprising this graft stabilizer precursor. For 
example, a graft stabilizer designated ODA/ODMA/HEMA-TMI (48.5/48.5/3-4.7 
% w/w) is made fiom a graft stabilizer precursor which is a copolymer consisting 
of 48.5 weight percent ODA, 48.5 weight percem ODMA and 3.0 percent HEMA. 
to which is covalcntiy bonded a grafting site consistii^ of 4.7 weight percent TMI 
based on the total weight of the graft stabilizer precursor. 

Preparations of Copntvm er Grafi Staf f i^jj^*^- 

Example 1 f Companitivi.) 

A 5000 mL 3-necked round bottom flask equipped witii a condenser, a 
themocouple connected to a digital temperature controller, a nitrogen inlet tube 
connected to a source of dry nitrogen and a magnetic stirrer, was charged with a 
mixnire of 2373 g of Norpar™ 12, 1019 g of LMA. 33 g of 96% HEMA and 10.5 
g of AIBN. WhUe magnetically-stirring the mfacture, tiie reaction flask was purged 
witii dry nitrogen for 30 minutes at a flowrate of approximately 2 liters/minute. A 
hollow glass stopper was tiien inserted into tiie open end of tiie condenser and ti»e 
nitrogen flowiate was reduced to approximately 0.5 liters/min. The mixture was 
heated to 70''C witii stining, and tiie mixture was allowed to polymerize at 70''C 
for 16 hours. The conversion was quantitative. 

The mboure was heated to 90°C and held at that temperature for 1 hour to 
destroy any residual AIBN, tiien was cooled back to 70"C. The nitrogen inlet tube 
was tiien removed, and 16.3 g of 95% DBTDL were added to tiie mixture, 
followed by 49.4 g of TMI. The TMI was added dropwise over tiie course of 
approximately five minutes while magnetically stining tiie reaction mixture. The 
nitrogen inlet tube was replaced, tiie hoUow glass stopper in tiie condenser was 
removed, and tiie reaction flask was purged wifli diy nitrogen for 30 minutes at a 
flowrate of approximately 2 liters/minute. The hollow glass stopper was 
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reinserted into dw open eiui of the condenser and the hitrogm 

reduced to approximately 0.5 liters/min. The mixture was allowed to react at 

70°C for 6 hours, at v/iudh time the conversion was quantitative. 

The mixture was then cooled to room temperature. The cooled mixture 
was a viscous, transparait liquid containing no visible insoluble matter. The 
percent solids of the liquid mixture was determined as 30.0% using the infrared 
drying method described above. Subsequent determination of molecular weight 
was made using the GPC method described above; the copolymer had a of 

197,750 DaandaM^nOf 1.84 based ujxm two independentmeasurements. The 
product is a copolymer of LMA and HEMA containing random side chains of 
TMI and is designated herein as IMA/HEAiA-TMl (97/3-4.7 % w/w) and is 
suitable for prqMuing a non-gel oiganosol. 

Eiamnle ^ (Cnn,juir»ih,») 
A 2000 mL 3-necked round bottom flask equipped with a condenser, a 
thermocouple connected to a digital temperature controller, a nitrogen inlet tube 
connected to a source of dry nittogen and a magnetic stirrer, was charged with a 
mixnire of 937.7 g of Norpar™ 12, 322.5 g of BMA, lO.O g of 96% HEMA and 
3.33 g of AIBN. While magnetically-stirring the mixmre, the reaction flask was 
purged with dry nitrogen for 30 minutes at a flowrate of approximately 1 
liter/minute. A hollow glass stopper was then inserted into the open end of the 
condenser and the nitrogen flowrate was reduced to approximately 0.5 liters/min. 
The mixture was heated to 70'*C with stirring, and the mixttire was allowed to 
polymerize at 70'*C for 16 hours. The conversion was quantitative. 

The mixture was heated to 90"C and held at that temperature for 1 hour to 
destroy any residual AIBN, then was cooled back to TO^C. The nitrogen inlet tube 
was then removed, and 5.16 g of 95% DBTDL were added to the mixmre, 
followed by 15.6 g of TMI. The TMI was added dropwise over the course of 
approximately five minutes while magnetically stirring the reaction mixture. The 
nitrogen inlet tube was replaced, the hollow glass stopper in the condenser was 
removed, and the reaction flask was purged with dry nitrogen for 30 minutes at a 
flowrate of approximately 1 liter/minute. The hollow glass stopper was reinserted 
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into tfie opoi end of the condenser and the nitrogen flbwfate \m reduced 
approximately 0.5 litcrs/min. The mixture was allowed to react at 70°C for 6 
hours, at w^ch time the conversion was quantitative. 

The mixture was then cooled to room temperature. The cooled mixture 
was a viscous, cloudy, semi-opaque Uquid which phase separated upon cooling to 
precipitate an insoluble mass of polymer. No attempt was made to incorporate a 
grafting site onto this polymer. The percent soUds of the mixture was not 
detennined. nor was the molecular weight of the polymer product measured. "Die 
product is a copolymer of BMA and HEMA containing random side chains of 
TMI and is designated herein as BMA/HEMA-TMI (97/3 % w/w) and is not 
suitable for use in preparing a gel organosol. 

Example 3 

Using the method and apparatus of Example 1, 2560 g of NQRPAR 12, 
849 g of EHMA, 27 g of 96% HEMA and 8.8 g of AIBN were combined and the 
resulting mixture reacted at 70»C for 1 6 hours. The mixture was then heated to 
90»C for 1 hour to destroy any residual AIBN, then was cooled back to 70''C. To 
the cooled mixture was then added 13.6 g of 95% DBTDL and 41.1 g of TMI. 
The TMI was added dropwise over the course of approximately five minutes while 
magnetically stirring the reaction mixture. Following the procedure of Example 1, 
the mixture was reacted at 70»C for approximately 6 hours at which Ume the 
reaction was quantitative. The mixture was then cooled to room temperature. The 
cooled mixture was a viscous, transparent solution, containing no visible insoluble 
matter. 

The percojt solids of the liquid mixture was determined to be 27.42% 
using the infrared drying method described above. Subsequent determmation of 
molecular weight was made using the GPC method described above; the 
copolymer had a M,, of 202,100 Da and MJM„ of 2.17 based on two independent 
measurements. The product is a copolymer of EHMA and HEMA containmg 
random side chains of TMI and is designated herein as EHMA/HEMA-TMI (97/3- 
4.7 % w/w) and is suitable for making a gel organosol. 
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Example 4 

This is an example of a high molecular weight graft stabilizer which can be 
used to produce a gel organosol. This example is also illustrative of methods for 
varying the molecular weight ofthe graft stabilizer. Such methods are known to 
those skilled in the art, and include, but are not limited to, variation of initiator 
concentration, temperature and total reactant concentration. Using the method and 
apparatus of Example 2. 910 g of NORPAR 12, 353 g of EHMA, 1 1 g of 96% 
HEMA and 2.5 g of AIBN were combined in a reaction flask and the resulting 
mixture reacted at 64"C for 16 hours. Hie mixture was th«i heated to 90'C for 1 
hour to destroy any residual AIBN, then was cooled back to 70'C. To the cooled 
mixture was then added 5.6 g of 95% DBTDL and 17.1 g of TMI. TTw TMI was 
added dropwise over the course of approximateiy five minutes while magnetically 
stiiring the reaction mfarture. Following the procedure of Example 1 , the mixture 
was reacted at 70'c for approximately 6 hours at which time the reaction was 
quantitative. The mixture was then cooled to room temperature. The cooled 
mixture was a highly viscous, transparent liquid syrup, containing no viable 
insoluble matter. 

The percent solids of die liquid mixture was determined to be 29.66% 
using the infrared drying method described above. Subsequent detennuiation of 
molecular weight was made using the GPC method described above; the 
copolymer had a of 379,050 Da and KVH, of 2.40 based on two independent 
measurements. The product is a copolymer of EHMA and HEMA containing 
random side chains of TMI and is designated herein as EHMA/HEMA-TM (97/3- 
4.7 % w/w) and is suitable for making a gel organosol. 

Example S fComparative^ 

An 8 ounce (0.24 liter), narrow-mouthed glass bottle was charged with 
36.58 g of NORPAR 12, 12.13 g of LA, 0.39 g of 96% HEMA and 0.13 g of 
AIBN. The bottle was purged for one minute with dry nitrogen at a rate of 
approximately 1.5 liters/minute, then sealed with a screw cap fitted with a Teflon 
liner. The cap was secured in place using electrical tape. The sealed bottle was 
then inserted into a metal cage assembly and installed on the agitator assembly of 
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an Atlas Launder-Ometer (Atlas Electric Devices Company, Chicago, IL ). The 
Uunder-Ometer was operated at its fixed agitation speed of 42 ipm with a water 
bath temperature of TO'C. The mixture was allowed to react for proximately 
16-18 hours, at >»*ich time the convwsion of monomer to polymer was 
quantitative. The mixture was heated to 90"C for 1 hour to destroy any residual 
AIBN, then was cooled to room temperature. 

The bottle was then opened and 0.19 g of 95% DBTDL and 0.59 g of TMI 
were added to the cooled mixture. The botUe was purged for 1 minute witii dry 
nitrogen at a rate of approximately 1 .5 liters/minute, then sealed with a screw cap 
fitted with a teflon liner. The cap was secured in place using electrical tape. The 
sealed botUe was then inserted into a metal cage assembly and installed on the 
agitator assembly of the Atlas Launder-Ometer. The Launder-Ometer was 
operated at its fixed agitation speed of 42 rpm with a water bath temperature of 
TCC. The mixture was allowed to react for approximately 4-6 hours, at which 
time the conversion was quantitative. The mixture was then cooled to room 
temperature. The cooled mixture was a viscous, cloudy solution, containing a 
small amount of visibly phase separated polymer in the form of a thm sediment 
l^er. 

The percent solids of the liquid mixture was determined as 26. 1 2% using 
the infrared drying method described above. Subsequent determination of 
molecular weight was made using the GPC method described above; the 
copolymer had a M» of 204,500 Da and a of 2.385 based upon two 
independent measurements. The product is a copolymer of LA and HEMA 
containing random side chains of TMI and is designated herein as lA/HEMA-TMl 
(97/3-4.7 % w/w) and can be used to prepare a non-gel organosol. 

Example 6 r Comnarariv*^ 

Using fte method and jyiparatus of Example 5, 36.58 g of NORPAR 12, 
12.13 g of TBMA, 0.39 g of 96% HEMA and 0.13 g of AIBN were combined in a 
reaction bottle. The resulting mixture reacted at 70»C for 1 6- 1 8 hours. The 
mixture was heated to 90"C for 1 hour to destroy any residual AIBN, then was 
cooled to room temperature. 
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The cooled mixture was a viscous, cloudy, semi-opaque liquid containing 
a large amount of visually phase separated polymer in the fomi of a thick sediment 
layer. No attempt was made to incorporate a grafting site into the polymer. The 
percent solids of die mixture was not determined, nor was the molecular weight of 
the polymer product measured. The product is a copolymer of TBMA and HEMA 
and is designated herein as TBMA/HEMA (97/3 % w/w) and is not suitable for use 
in preparing a gel organosol. 

Example 7 

Using the method and apparatus of Example 5, 36.58 g of NORPAR 12, 
12.13 g of HMA. 0.39 g of 96% HEMA and 0.13 of ATON were combined in a 

reaction bottleand the resulting mixture reacted at 70°C for 16-18 hours. The 
mixture was heated to 90''C for I hour to destroy any residual AIBN, then was 
cooled to room tanperature. To the cooled mixture was then added 0.19 g of 95% 
DBTOL and0.59gofTMI. FoUowing the procedure of Example 5, the mixture 
was reacted at 70»C for approximately 4-6 hours, at which time the conversion 
was quantitative. The mixttire was then cooled to room temperanire. The cooled 
mixture was a viscous, cloudy solution which contained a moderate amount of 
visibly phase separated msoluble polymer in the form of a sediment layer. 

The percent solids of the liquid mixture was determined as 26.20% using 
the infrared drying method described above. Subsequent determination of 

molecular weight was made using the GPC method described above; the 
copolymer had a M» of 148,800 Da and a of 1.65 based upon two 

independent measurements. The product is a copolymer of HMA and HEMA 
containing random side chains of TMI and is designated herein as HMA/HEMA- 
TMI (97/3-4.7 % w/w) and Is suitable for making a gel organosol. 

Example 8 

Using the method and apparanis of Example 5, 40.24 g of NORPAR 12, 
13.34 g of HA, 0.43 g of 96% HEMA and 0.138 g of AIBN were combined in a 
reaction botUe and the resulting mixnire reacted at 70T for 1 6-1 8 hours. The 
mixture was then heated to 90»C for 1 hour to destroy any residual AIBN, then 
was cooled to room temperature. To the cooled mixture was then added 0.213 g 
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of 95% DBTDL and 0.646 g of TMI. Following the procedure of Example 5, the 
mixture >w reacted at 70»C for approximately 4-6 hours at which time th^ 
reaction was quantitative. The mixture was then cooled to room temperature. The 
cooled mixture was a slightly viscous, translucent solution which contained a veiy 
small quantity of visibly phase separated insoluble polymer. 

The percent solids of the liquid mixture was determined to be 25.49% 
using the infi:ared drying method described above. Subsequent determination of 
molecular weight was made using the GPC method described above; the 
copolymer had a of 94,145 Da and M^„ of 1.70 based on two independent 
measurements. The product is a copolymer of HA and HEMA containing random 
side chains of TMI and is designated herein as HA/HEMA-TMI (97/3^.7 %.w/w) 
and is suitable for making a gel organosol. 

Preparations ofTerpolvm er Gra/i SiahUht^r^ ' 

Example 9 (Comparativg) 

Using the method and apparatus of Example 1, 2049 g of NORPAR 12, 
832 g of ODA @ 61.18% in Toluene, 509 g ODMA, 33 g of 96% HEMA and 
10.5 g of AIBN were combined in a reaction flask. The resulting mixture reacted 
at 70»C for 16 hours. The mixture was then heated to 90''C for 1 hour to destroy 
any residual AffiN, then was cooled back to 70°C. To the cooled mixture was 
then added 163 g of 95% DBTDL and 49.4 g of TMI. The TMI was added 
dropwise over the course of approximately five minutes while magnetically 
stirring the reaction mixture. Following the procedure of Example 1 , the mixture 
was reacted at 70"C for approxunately 6 hours at which time the reaction was 
quantitative. The mixture was then cooled to room temperature. The cooled 
mixture was a viscous, light yellow-colored, transparent liquid. 

The percent solids of the liquid mixture was determined to be 32.31% 
using the infrared drying method described above. Subsequem determination of 
molecular weight was made using the GPC method described above; the 
copolymer had a M« of 1 75,14 1 Da and M«/M„ of 4.27 based on two independent 
measurements. The product is a teipolymer containing ODA, ODMA and HEMA 
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having random side chmns of TM[ and is designated herein as 
ODA/ODMA/HEMA-TMI(4S.5/4S.SJ3-4.1 % w/w) and can be used to prepare a 
non-gel oiganosol. 

Example 10 (Comparative) 

Using the method of Example 5, 36.58 g of NORPAR 12, 9.09 g of LMA, 
3.03 g of EHMA, 0.39 g of 96% HEMA and 0.13 g of AIBN were combined in a 
reaction bottie and the resulting mixture reacted at TOT for 16-18 hours. The 
mixture was then heated to 90»C for 1 hour to destroy any residual AIBN, then 
was cooled to room temperature. To the cooled mixture was then added 0.19 g of 
95% DBTDL and 0.59 g of TMI. Following the procedure of Example 5, the 
mixture was reacted at 70°C for approximately 4-6 hours at which time the 
reaction was quantitative. The mixture was then cooled to room temperature. The 
cooled mixture was a sUghtly viscous, transparent solution which contained no 
visibly lAase separated polymer. 

The percent solids of the liquid mixture was detenmined to be 26.5% using 
the infrared drying method described above. Subsequent detennination of 
molecular weight was made using the GPC method described above; the 
copolymer had a of 167.250 Da and NVH, of 2.06 based on two independent 
measurements. The product is a terpolymer containing LMA, EHMA and HEMA 
having random side chains of TMI and is designated herein as 

LMA/EHMA/HEMA-TMJ (72.75y24.25/3-4.7 % w/w) and can be used to prepare a 
non-gel organosol. 

Example 11 fCommiriirivi.) 
Using the method of Example 5. 36.58 g of NORPAR 12, 6.06 g of LMA, 
6.06 g of EHMA, 0.39 g of 96% HEMA and 0.13 g of AIBN were combined in a' 
reaction botUe and the resulting mixture reacted at 70»C for 16-18 hours. The 
mixnire was tiien heated to 90»C for 1 hour to destroy any residual AIBN. tiien 
was cooled to room temperature. To the cooled mixture was then added 0. 19 g of 
95% DBTDL and 0.59 g of TMI. Following the procedure of Example 5. the 
mixture was reacted at 70'C for approximately 4-6 hours at which time the 
reaction was quantitative. The mixUire was tiien cooled to room temperature. The 
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cooled mixture was a slighUy viscous, clear solotion cbntaiiung no visibly 
sqniated polymer. 

The percent solids of the liquid mixture was determined to be 26.09% 
using the infiared drying method described above. Subsequent detennination of 
5 molecular weight was made using the GPC method described above; the 

copolymer had a M« of 154.100 Da and of 2.06 based on two independent 
measurements. The product is a terpolymer containing LMA,EHMA and HEMA 
having random side chains of TMI and is designated herein as 
LhdA/EHMA/HEMA-TMI (48.5/48.5/3-4.7 % w/w) and can be used to prepare a 
10 non-gel organosol. 

Example 12 

Using the method of Example 5. 36.58 g of NORPAR 12, 3.03 g of LMA, 
9.09 g of EHMA. 0.39 g of 96% HEMA and 0.13 g of AIBN were combined and 
the resulting mixture reacted at 70»C for 16-18 hours. The mature was then 

1 5 heated to 90»C for 1 hour to destroy any residual AIBN, then was cooled to mom 
temperature. To the cooled mixture was then added 0.1 9 g of 95% DBTDL and 
0.59 g of TMI. Following the procedure of Example 5. the mixture was reacted at 
TO'C for approximately 4-6 hours at which time the reaction was quantitative. 
The mixture was then cooled to room temperature. The cooled mixture was a 

20 viscous, clear solution containing no visibly phase separated polymer. 

The percent solids of the liquid mixture was dcteraMned to be 26.5% using 
the infiared drying method described above. Subsequent determination of 
molecular weight was made using the GPC method described above; the 
copolymer had a of 199,800 Da and UJU^ of 1.88 based on two independent 

25 measurements. The product is a terpolymer of LMA, EHMA and HEMA 
containing random side chains of TMI and is designated herein as 
IMA/EHMA/HEMA-TMI (2425/72.75/3^.7 % w/w) and can be used to prepare a 
gel organosol. 

Example II? 

Using the method of Example 5, 37.28 g of NORPAR 12, 12 g of ODMA. 
4 g of BA, 0.516 g of 96% HEMA and 0.165 g of AIBN were combined in a 
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reaction botUe and the resulting mixture reacted at 70K: for 16-1 8 houis. The 
mixture was then heated to 90»C for 1 hour to destroy any residual AIBN, then 
was cooled to room temperature. To the cooled mixture was then added 0.256 g 
of 95% DBTDL and 0.776 g of TMI. Following the procedure of Example 5, the 
mixture was reacted at 70«C for approximately 4-6 hours at which time the 
reaction was quantitative. The mixture was then cooled to room temperature. The 
cooled mixture was a highly viscous, clear solution containing no visibly phase 
separated polymer. 

The percent solids of the liquid mixture was deteimined to be 31.79% 
using the infrared drying method described above. Subsequent deteraiination of 
molecular weight was made using the GPC method described above; the 
copolymer had a of 867,800 Da and of 2.00 based on two independent 
measurements. The product is a polymer containing ODMA. BA and HEMA 
having random side chains of TMI and is designated herein as OZ)Jl£4/A4//ffiA«- 

7M (72.75/24.25/3-4.7 % w/w) and can be used to make a gel organosol. 

Example 14 

Using the method of Example 5, 34.62 g of NORPAR 12, 6.67 g of 60% 
ODA in toluene, 12.00 g of TBMA, 0.516 g of 96% HEMA and 0.165 g of AIBN 
were combined in a reaction bottle and the resulting mixture reacted at 70'C for 
16-18hours. The mixture was then heated to 90'>C fori hour to destroy any 
residual AIBN, then was cooled to room tempeiamre. To the cooled mixture was 
then added 0.256 g of 95% DBIDL and 0.776 g of TMI. Following the procedure 
of Example 5, die mixture was reacted at 70»C for approximately 4-6 hours at 
which time the reaction was quantitative. The mixture was then cooled to room 
temperature. The cooled mixture was a viscous, cloudy solution, containing a 
large amount of visibly phase separated polymer in the fom of a thick sediment 
layer. 

The percent solids of the liquid mixnire was determined to be 33.28% 
using the infiared diying method described above. Subsequent deteraiination of 
molecular weight was made usmg the GPC method described above; the 
copolymer had a M, of 126.100 Da and of 2.00 based on two independent 
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measurements. The product is a terpolymer containing ODA, TBMA and HEMA 
having random side chains of TMI and is deagnated herein as 
ODAH-BMA/HEMA-TM (24^5/72.75/3-4.7 % w/w) and can be used to make a 
gel organosol 

Egamnle IS 

Using tfie method and I4>paratus of Example 5, 37.28 g of NORPAR 12, 
4.00 g of LMA. 12.00 g of HMA, 0.516 g of 96% HEMA and 0.165 g of ATON 
were combined in a reaction bottle and the resulting mixture reacted at 70''C for 
16-18 hours. The mixture was then heated to 90»C for 1 hour to destroy any 
residual AIBN, dien was cooled to room temperature. To the cooled mixture was 
then added 0.256 g of 95% DBTDL and 0.776 g of TMI. Following the procedure 
of Example 5, the mixture was reacted at 70°C for approximately 4-6 hours at 
which time the reaction was quantitative. The mixture was then cooled to room 
temperature. The cooled mixture was a viscous, transparent solution containing no 
visibly phase separated polymer. 

The percent solids of the liquid mixture was determined to be 3 1 ,90% 
using the infrared drying method described above. Subsequent determination of 
molecular weight was made using the GPC mefliod described above; the 
copolymer had a of 170.850 Da and MJM„ of 1.96 based on two independent 
measurements. The product is a teipolymer containing LMA, HMA and HEMA 
having random side chains of TMI and is designated herein as LMA/HMA/HEMA- 
TMI (24.25/72,75/3-4.7 % w/w) and can be used to make a gei organosol. 

Example 16 

Usmg the method and apparams of Example 5, 36.58 g of NORPAR 12, 
6.06 g of LA, 6.06 g of EHMA, 0.39 g of 96% HEMA and 0.13 g of AIBN were 
combined in a reaction bottie and the resulting mixture reacted at 70''C for 1 6-1 8 
hours. The mixture was then heated to 90''C for 1 hour to destiny any residual 
AIBN, Uien was cooled to room temperature. To the cooled mixture was then 
added 0.19 g of 95% DBTDL and 0.59 g of TMI. Following the procedure of 
Example 5, the mixnire was reacted at 70''C for approximately 4-6 hours at which 
time the reaction was quantitative. The mfacture was then cooled to room 
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twnperature. The cooled mixttne was a viscous, slightly cloudy solution 
containing a very small amount of visibly phase separated polymer. 

The percent solids of the liquid mixture was determined to be 26.88% 
using the infrared dtaying method described above. Subsequent determination of 
5 molecular weight was made using the GPC method described above; the 

copolymer had a of 208,300 Da and of 2.36 based on two independent 
measurements. The product is a terpolymer containing LA, EHMA and HEMA 
having random side chains of TMI and is designated herem as LAJEHMAJHEMA- 
TMl (48.5/48.5/3-4.7 % w/w) and can be used to make a gel organosol. 

Prevarationa nf Craft Stabairers in Alternative' Solvent Svstttnttf 

Example 17 

This is an example of a graft stabilizer which can be used to produce a gel 
organosol in a solvent having a Hildebrand solubility parameter lower than that of 
NORPAR 1 2. Using the method and apparatus of Example 1, 2560 g of 
NORPAR 1 3, 849 g of EHMA, 27 g of 96% HEMA and 8.8 g of AIBN were 
combined in a reaction flask and the resulting mixture reacted at TO'C for 16 
hours. The mixture was then heated to M^C for 1 hour to destroy any residual 
AIBN, then was cooled back to 70°C. To the cooled mfacture was then added 13.6 
g of 95% DBTDL and 41 .1 g of TMI. The TMI was added dropwise over the 
course of approxunately five minutes while magnetically stirring the reaction 
mixture. Following the procedure of Example 1, the mixture was reacted at 70''C 
for approximately 6 hours at which time the reaction was quantitative. The 
mixture was then cooled to room temperature. The cooled mixture was a viscous, 
transparent liquid, 

The percent solids of the liquid mixnire was determined to be 26.8% using 
the infrared drying method described above. Subsequent determination of 
molecular weight was made usmg the GPC method described above; the 
copolymer had a M^ of 1 68,400 Da and M^„ of 2.10 based on two independent 
measurements. The product is a copolymer of EHMA and HEMA containing 
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random side chains of TMI and is designated herein as EHMA/HEMA-TMI (97/3- 
4.7 % w/w) and can be used to prepare a gel oiganosol in NORPAR 1 3. 

Example 18 

This is an example of a graft stabilizer which can be used to produce a gel 
organosol in a solvent having a solubility parameter higher than that of NORPAR 
12. Using the method and apparatus of Example 1, 2560 g of ISOPAR V, 849 g 
of EHMA, 27 g of 96% HEMA and 8.8 g of AIBN were combined in a reaction 
flask and the resulting mixture reacted at 70°C for 16 hours. The mixture was 
then healed to 90«C for 1 hour to destroy any residual AIBN, then was cooled 
back to 70'C. To the cooled mixture was then added 13.6 g of 95% DBTDL and 
4 1 . 1 g of TMI. The TMI was added dropwise over the course of approximately 
five minutes while magnetically stirring the reaction mixture. Following the 
procedure of Example 1, the mixture was reacted at 70»C for approximately 6 
hours at which time the reaction was quantitative. The mixture was then cooled to 
room temperature. The cooled mixture was a viscous, transparent liquid. 

The percent solids of the liquid mncture was detennined to be 26.3% using 
the infiared drying method described above. Subsequent determination of 
molecular weight was made using the GPC method described above; the 

copolymer had a of 151.100 Daand of 1.85 based on two independent 
measurements. The product is a copolymer of EHMA and HEMA containing 
random side chains of TMI and is designated herein as EHMA/HEMA-TMI {97/3- 
4.7 % w/w) and can be used to prepare a gel organosol in ISOPAR V. 

Example 

This is an example of a graft stabilizer which can be used to produce a gel 
organosol in a solvent having a solubility parameter higher than that of NORPAR 
12 and which additionally contains a small quantity of more polar aromatic 
solvents. Using the method and apparatus of Exanyjle 1, 2560 g of EXXSOL 
D80, 849 g of EHMA, 27 g of 96% HEMA and 8.8 g of AIBN were combined in 
a reaction flask and the resulting mixture reacted at 70»C for 16 hours. The 
mixture was then heated to 90"»C for 1 hour to destroy any residual AIBN, then 
was cooled back to 70*C. To the cooled mixture was then added 13.6 g of 95% 
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DBTDL and 41.1 g of TMI. The TMI was added diopwise over the course of 
approximately five minutes while magnetically stirring the reaction mixture. 
Following the procedure of Example 1, the mixture was reacted at TCC for 
approximately 6 hours at which time flie reaction was quantitative. The mixture 
was dien cooled to room temperature. The cooled mixture was a viscous, 
transparent liquid. 

The percent solids of the liquid mixture was determined to be 26.89% 
using the infiared drying method described above. Subsequent determination of 
molecular weight was made using the GPC metiiod described above; the 
copolymer had a of 165,100 Da and M^„ of 1 .84 based on two independent 
measurements. The product is a copolymer of EHMA and HEMA containing 
random side chains of TMI and is designated herein as EHMA/HEAM-TMI(9m- 
4.7 % w/w) and can be used to prepare a gel organosol in EXXSOL D80. 

ORGANOSQl, EXAMPlPig 
In the following examples of organosol preparation, it will be convenimt 
to summarize the composition of each particular organosol in terms of the ratio of 
the total weight of monomers comprismg the organosol core relative to the total 
weight of graft stabilizer comprising the organosol shell. This ratio is referred to 
as the core/sheU ratio of the organosol. In addition, it will be useful to summarize 
the compositional details of each particular organosol by ratioing the weight 
percentages of monomers used to create the shell and the core. For example, an 
organosol designated ODA/ODMA/HEMA-TMI/ZMMA/EA (48.5/48.5/3- 
4.7//25/75 % w/w) is made from shell comprised of a graft stabilizer precursor 
which is a copolymer consisting of 48.5 weight percent ODA. 48.5 weight percem 
ODMA and 3.0 percent HEMA, to which is covalently bonded a grafting site 
consisting of 4.7 weight percent TMI based on the total weight of the graft 
stabilizer precursor. This graft stabUizer is covalently bonded to an organosol 
core which is comprised of 25 weight percent MMA and 75 weight percem EA. 

Referring now to Table HI, we have tabulated the compositions of 
organosols made using various graft stabilizers from the preceding examples. We 
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have also tabulated values for the absolute difference in Hildebrand solubility 
parameter between the graft stabilizer precursor and Ae dispersant liquid for each 
of these examples. We have further noted which organosol compositions result in 
a non-gel (comparative examples) and a gel organosol. It will become clear in the 
5 examples which follow that we have discovered a method for producing gel 
organosols based upon the magnitude of this absolute difference in Hildetemd 
solubility parameter. 

Table m 



Example 
Number 


Organosol 
CompositioD 

(%w/w) 


Liquid 


nuueDranu 
Solubility 
Parameter 
Difference 
(|MPai/2|) 


riiysical l<orm 


20 

(Comparadve) 


LMA/HEMA- 
TMI//MMA/EA 
97/3-4.7//25A75 


NorparTw 12 


2.54 


Opaque blue-white, 

fwui*0et 

■H/U Kwl 


21 


EHMA/HEMA- 
TMI//MMA/EA 
97/3-4.7//25/75 (core 
shell ratio 4/1) 


Norpar™ 12 


2.67 


Opaque white, 
weak gel 


22 


EHMA/HBi4A- 
TMI//MMA/EA 
97/3-4.7//25/75(core 
snelJ ratio 8/1) 


Nofpar™12 


2.67 


Opaque white, 
weak gel 


23 

(Ccxnparative) 


LA/HEMA- 
TMI//MMA/EA 
97/3-4.7//25/75 


Norpar^ 12 


2.65 


Opaque white, 

non-gel 

(direshold) 


24 


HMA^EMA- 
TMI//MMA/EA 

97/3^.7//25/75 


NoiparTM 12 


2.83 


Opaque white, 
strong gel 


25 


HA/HEMA- 
TMy/MMA/EA 
97/3-4.7/y25/75 


NorparT'- 12 


3.00 


Opaque white 
very strong ge) 


26 

(Comparative) 


ODA/ODMA/HEMA 
•TMI//MMA/EA 
48.5/48.5/3- 
4.7//25/75 


NorpafTM 12 


2.49 


Opaque yeilow- 
wfahe, non-gel 


27 

(Comparative) 


LMA^^HMAi^HEMA 
•TMI//MMA/EA 

72.75/2425/3- 
4.7//2/75 


NorparTM 12 


2.57 


Opaque yellow- 
white, non-gel 
(threshold) 


28 

(Comparative) 


LMA/EHMA/HEMA 
-TMy/MMA/EA 
48.5/48.5/3- 
4.7//25/75 


NorparTNi2 


2.60 


Opaque white, 
non-gel (threshold) 
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Example 
Number 


Organosol 
Composition 

(%w/w) 


Dipersant 
Liquid 


Hildebrand 
Solubility 
Parameter 
Difference 


Physical Form 


29 


LMA/EHMA/HEMA 
•TMI//MMA/EA 
24.25/72.75/3- 
4 7/725/75 


Noipar™ 12 


2,64 


Opaque white, 
weak gel 
(threshold) 


30 


ODMA/BA/HEMA- 
TMI//MMA/EA 
72.75/24.25/3- 


Norpar™ 12 


2.63 


Opaque white, 
weak gel 
(threshold) 


31 


OD/WTBMA/HEMA 
-TMI//MMA/EA 
2425/72.75/3- 


Noipar™ 12 


2.77 


Opaque white, 
strong gel 


32 


LMA/HMA/HEMA- 
TMI//MMA/EA 
24 25/75 7S/'U 


Norpar^ 12 


2.76 


Opaque white, 
moderate gel 


33 


LA>«HMA/HEMA- 

TMI//MM A /r A 

48.5/48.5/3- 


NorparTM 12 


2.66 


Opaque white, 
weak gel 


34 


EHMA/HEMA- 
•mi//MMA>tA 


Noipar™ 13 


2.73 


Onjiflti^ u/fiiffp 
wpiu|uc wjiitc, 

moderate gel 


35~ 


EHMA/HEMA- 
TMI//MMA/EA 
97/3-4.7//25/75 


Isopar^V 


2.55 


Opaque white, 
weak gel 
(threshold) 


36 


EHMA/HEMA- 
TMI//MNLVEA 
97/3'4.V/25nS 


Exxsol™ 
D80 


2.37 


Opaque white, 
weak gel 



10 



Examples of Or^anosn h Based on Copolymer Graft StabUhPf^ - 

Eiamnle 2(1 fComparativ») 
This is a comparative example using the graft stabilizer in Example 1 to 
prepare a non-gel organosol. A 5000 mL 3-necked round bottom flask equipped 
with a condenser, a thcimocouple connected to a digital temperature controUer, a 
nitrogen inlet tube connected to a source of dry nitrogen and a magnetic stirrer, 
was charged with a mixture of 2981 g of NORPAR 12, 210 g of EA, 70 g of 
MMA, 233.3 g of the graft stabilizer mixture fiom Example 1 @ 30.0%, and 5.3 g 
of AIBN. While magnetically-stining the mixture, the reaction flask was purged 
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with dry nitrogen for 30 minutes at a flowrate of approxiniately 2 liters/minute. A 
hoUow glass stopper was then inserted into the open end of the condenser and the 
nitrogen flowrate was reduced to approximately 0.5 Uters/min. The mixture was 
heated to TO^C with stirring, and the mixture was allowed to polymerize at 70°C 
5 for 16 hours. The conversion was quantitative. 

Approximately 700 g of n-heptane were added to the cooled organosol, 
and the resulting mixture was stripped of residual monomer using a rotary 
evaporator equipped with a dry ice^acetone condense and (^lerating at a 
temperature of 90"C and a vacuum of (^proximately 15 mm Hg. The stripped 

10 organosol was cooled to room temperature, yielding an opaque blue-white 
dispersion which did not gel. 

This non-gel organosol is designated LMA/HEMA-TMI//MMA/EA (97/3- 
4.7//25/75%w/w) and can be used to prepare non-gel ink formulations. The 
percent solids of this non-gel organosol dispersion was determined as 1 1 .68% 
15 using the infrared diying method described above. Subsequent determination of 
average particle size was made using the dynamic light scattering method 
described above; the organosol had a z-average diameter of 94.6 nm. 

Eiamnle21 

TTus example iUustiates the use of the graft stabilizer in Example 3 to 
20 prepare a gel organosol with a core/shell ratio of 4/1. Using the method and 
apparatus of Example 20, 285 1 g of NORPAR 12, 253 g of EA, 83 g of MMA, 
306 g of Ae graft stabilizer mixture from Example 3 @ 27.42% polymer solids, 
and 6.3 g of ATON were combined in a reaction flask. The resulting mixture was 
heated to 70**C and reacted for 16 hours, at which time the resulting organosol was 
25 cooled to room temperanire. After stripping the organosol using the method of 
Example 20 to remove residual monomer, the stripped organosol was cooled to 
room temperature, yielding an opaque white dispersion which formed a weak gel 
over the course of approximately 4 hours. 

This gel organosol is designated EHMA/HEMA-TMI//MMA/EA (97/3- 
30 4.7//25/75%w/w) and can be used to prepare gel ink formulations. The percent 
solids of the gel organosol dispersion was determined as 12.8% using the infrared 
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diying method described above. Subsequent detennihation of average particle 
size vm made using the dynamic light scattering method described above; the 
oiganosol had a z-average diameter of 194.7 nm. 

P3mmple22 

5 This example illustrates a gel organosol that is useful for producing a more 

rapidly self-fixing color liquid color toner than Example 21 above. A gel 
organosol having a core/shell ratio of 8/1 is prepared by using the graft stabilizer 
of Example 3. Using the method and apparatus of Example 20, 2950 g of 
NORPAR 12, 281 g of EA, 93 g of MMA, 1 70 g of the graft stabilizer mixture 
10 from Example 3 @ 27.42% polymer solids, and 6.3 g of AIBN were combined in 
a reaction flask. The resulting mixture was heated to 70**C and reacted for 16 
hours, at which time the resulting organosol was cooled to room temperature. 
After stripping the organosol using the method of Example 20 to remove residual 
monomer, the stripped organosol was cooled to room temperature, yielding an 
15 opaque white dispersion which rapidly fonned a weak gel over the course of 
approximately 2 hours. 

This gel organosol is designated EHMA/HEMA-TMI//MMA/EA (97/3- 
4.7//25/75 % w/w) and can be used to prepare gel ink formulations which rapidly 
self-fix. The percent solids of the gel organosol dispersion was determined as 
20 12.70% using the infixed drying method described above. Subsequent 

determination of average particle size was made using the dynamic light scattering 
method described above; the organosol had a z-average diameter of 228.9 nm. 

Example 23 (Comparative) 
This is a comparative example using the graft stabilizer m Example 5 to 
25 prepare a non-gel organosol with a core/shell ratio of 4/L In a one quart (0.946 
liter), amber, narrow-mouthed glass bottle was charged 243.09 g of NORPAR 12, 
2L60 g of EA, 7.20 g of MMA, 27.57 g of the graft stabilizer mixture from 
Example 5 @ 26.12%, and 0.54 g of AIBN. The botUe was purged for three 
minutes with dry nitrogen at a rate of approximately 1 .5 liters/minute, then sealed 
30 with a screw cap fitted with a teflon liner. The cap was secured in place using 
electrical tape. The sealed bottle was then inserted into a metal cage assembly and 
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installed on the agitator assembly of an Atlas Launder-Ometer. TheLaunder- 
Ometer was opoated at its fixed agitation speed and a water hath temperature of 
70°C. The mixture was allowed to react for approximately 16-18 hours, at which 
time the resulting organosol was cooled to room temperature. 

Approximately 60 g of n-hq}tane were added to the cooled organosol, and 
the resulting mixture was stripped of residual monomer using a rotary evaporator 
equipped with a dry ice/acetone condenser and operating at a temperature of 90°C 
and a vacuum of approximately 15 mm Hg. The stripped organosol was cooled to 
room temperature, yielding an opaque white dispersion which did not gel. 

This non-gcl organosol is designated LA/HEMA-TMI//MMA/EA (97/3- 

4.7//25/75%w/w) and can be used to prepare non-gel ink formulations. The 
pracent solids of this non-gel organosol dispersion was detennined as 14.10% 
usmg the infiared drying method described above. Subsequent determination of 

average particle size was made using the dynamic light scattering method 
described above; the organosol had a z-average diameter of 1 56.8 ran. 

Example 24 

This example illustrates tfie use of the grafk stabilizer in Example 7 to 
prepare a gel organosol with a core/shell ratio of 4/1 . Using the method and 
apparatus of Example 23, 243.18 g of NORPAR 12, 21.60 g of EA, 7.20 g of 
MMA, 28.25 g of the graft stabilizer mixture fiom Exan^le 7 @ 26.20% polymer 
solids, and 0.54 g of AIBN were comlaned in a reaction flask. The resulting 
mixture was heated to 70°C and reacted for 16-1 8 hours, at which time the 
resulting organosol was cooled to room temperaftire. After stripping the organosol 
using the method of Example 23 to remove residual monomer, the stripped 
organosol was cooled to room temperature, yielding an opaque white dispersion 
which r^idly formed a strong gel over the course of approximately 1 hour. 

This gel organosol is designated HMA/HEMA-TMI//MMA/EA (97/3- 
4.7//25/75 % w/w) and can be used to prepare gel ink formulations. The percent 
solids of the gel organosol dispersion was determined as 1 3. 1 8% using the 
infrared drying method described above. Subsequent determination of average 
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particle size was made using the dynamic light scatteritig method described above; 
the organosol had a z-average diameter of 205.8 nm. 



Example 2S 

This example illustrates the use of the graa stabilizer m Example 8 to 
prepare a gel organosol with a coie/sheil ratio of 4/1 . Using the method and 
apparatus of Example 23, 242.41 g of NORPAR 12, 21 .60 g of EA, 7.20 g of 
MMA, 28.50 g of the graft stabilizer mixture from Example 8 @ 25.49% polymer 
soUds, and 0.54 g of AIBN were combined in a reaction flask. The resulting 
mixture was heated to 70«C and reacted for 16-18 hours, at which time the 
resulting organosol was cooled to room temperature. After stripping the organosol 
using the method of Example 23 to remove residual monomer, the stripped 
organosol was cooled to room temperature, yielding an opaque white dispersion 
which slowly formed a very strong gel. 

This gel organosol is designated HA/HEK4A-TMI//MMA/EA (97/3- 
4.7//25/75 % w/w) and can be used to prepare gel ink fomulations. The peicem 
solids of the gel organosol dispersion was determined as 12.08% using the 
infrared drying method described above. Subsequent determination of average 
particle size was made using the dynamic light scattering metiiod described above; 
the organosol had a z-average diameter of 336.7 nm. 

Examples of Organosob Based on T^iy^^ G rafiStahUh^. 

Example li, f ComminiHvi.) 
This is a comparative example usmg the graft stabilizer in Example 9 to 
prepare a non-gel organosol with a core/shell ratio of 4/1. Using the method and 
apparatus of Example 20, 2898 g of NORPAR 12, 252 g of EA, 84 g of MMA, 
260 g of the graft stabUizer mixture from Example 9 @ 32.31% polymer solids, 
and 6.3 g of AIBN were combined in a reaction flask. The resulting mixture was 
heated to 70''C and reacted for 16 hours, at which time the resulting organosol was 
cooled to room temperature. After stripping the organosol using the method of 
Example 20 to remove residual monomer, the stripped organosol was cooled to 
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room temperature, yielding an opaque yellow-whitc dispersion which did not form 
a gel. 

This non-gel organosol is designated ODA/ODMA/HEMA- 
TMI//MMA/EA (48.5y48.5/34.7//25/75 % w/w) and can be used to prepare non- 
gel ink formulations. The percent solids of this non-gel organosol dispersion was 
detennined as 13.3% using the infrared drying method described above. 
Subsequent determination of average particle size was made using the dynamic 
light scattering method described above; the organosol had a z-average diameter 
of 130.1 nm. 

iExample 27 r^ ompfirfltivp) 

This is a comparative example of using the graft stabilizer in Example 1 0 
to prepare a non-gel organosol with a core/shell ratio of 4/1 . Using the method and 
apparatus of Example 23, 243.49 g of NORPAR 12, 21.60 g of EA, 7.20 g of 
MMA, 27.17 g of the graft stabilizer mixture ftom Example 10 @ 26.5% polymer 
solids, and 0.54 g of AIBN were combined in a reaction flask. The resulting 
mixture was heated to 70°C and reacted for 16-18 hours, at which time the 
resulting organosol was cooled to room temperature. After stripping the organosol 
using the method of Example 23 to remove residual monomer, the stripped 
organosol was cooled to room temperature, yieldmg an opaque yellow-white 
dispersion which did not form a gel. 

This non-gel organosol is designated LMA/EHMA/HEMA- 
TMI//MMA/EA (72.75/24.25/3-4,7//25/75 % w/w) and can be used to prepare 
non-gel ink formulations. The percent solids of the gel organosol dispersion was 
determined as 13.78% using the infrared drying method described above. 
Subsequent determination of average particle size was made using the dynamic 
light scattering method described above; the organosol had a z-average diameter 
of 129.5 nm. 

Examnle 28 (Comparative) 
This example illustrates die use of the graft stabilizer in Example 1 1 to 
prepare a non-gel organosol with a core/shell ratio of 4/1 . Usmg the method and 
apparatus of Example 23, 243.87 g of NORPAR 12, 21.60 g of EA, 7.20 g of 
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MMA, 26.79 g of the graft stabilizer mixture from Example 1 1 @ 26.88% 
polymer solids, and 0.54 g of AIBN were combined in a reaction flask. The 
resulting mixture was heated to 70°C and reacted for 16-1 8 hours, at which time 
the resulting organosol was cooled to room temperature. After stripping the 
organosol using the method of Example 23 to remove residual monomer, the 
stripped organosol was cooled to room temperature, yielding a viscous, opaque 
white dispersion which did not form a gel, but visually appeared to be on the 
threshold of fmming a weak gel. 

This non-gel organosol is designated LMA/EHMA/HEMA- 
TMy/MMA/EA (48.5/48.5/3-4.7//25/75 % wAv) and can be used to prepare non- 
gel ink formulations. The percent solids of the non-gel organosol dispeision was 
determined as 1 4.29% using the infrared drying method described above. 
Subsequent determination of average particle size was made using the dynamic 
light scattering method described above; the organosol had a z-average diameter 
of 168.2 nm. 

Example 29 

This example illustrates the use of the graft stabflizer in Example 12 to 
prepare a gel organosol with a core/shell ratio of 4/1 . Using the method and 
apparatus of Example 23, 243.49 g of NORPAR 12, 21 .60 g of EA, 7.20 g of 
MMA, 27. 1 7 g of the graft stabilizer mixture from Example 1 2 @ 26.50% 
polymer solids, and 0.54 g of AIBN were combined in a reaction flask. The 
resulting mixture was heated to 70"*C and reacted for 16-1 8 hours, at which time 
flie resulting organosol was cooled to room temperature. After stripping the 
organosol using die method of Example 23 to remove residual monomer, die 
stripped organosol was cooled to room temperature, yielding an opaque white 
dispersion which formed a weak gel over the course of approximately 2 hours. 

This gel organosol is designated LMA/EHMA/HEMA-TMIZ/MMA/EA 
(2425/72.75/3-4.77/25/75 % w/w) and can be used to prepare gel ink 
formulations. The percent soUds of the gel organosol dispersion was determined as 
1 5.02% using the infiiared drying raetiuxi described above. Subsequent 
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detennination of average particle size was made using the dynamic light scattering 
method desoibed above; the organosol had a z-average diameter of 127.4 ran. 

Examnle30 

This example illustrates the use of the graft stabilizer in Example 13 to 
prepare a gel organosol with a core/shell ratio of 4/1 . Using the method and 
apparatus of Example 23, 248.01 g of NORPAR 12. 21.60 g of EA, 720 g of 
MMA, 22.65 g of the graft stabilizer mixture from Example 1 3 @ 3 1 .79% 
polymer solids, and 0.54 g of AIBN were combined in a reaction flask. The 
resulting mixture was heated to 70**C and reacted for 16-18 hours, at which time 
the resulting organosol was cooled to room temperature. After stripping the 
organosol using the method of Example 23 to remove residual monomer, the 
stripped organosol was cooled to room temperature, yielding an opaque white 
dispersion which slowly formed a weak gel with a cloudy siqjematant liquid phase 
above the gel. 

This gel organosol is designated ODMA/BA/HEMA-TMI//MMA/EA 
(72.75/24.25/3-4.7//25/75 % w/w) and can be used to prepare gel ink 
formulations. The percent solids of the gel organosol dispersion was determined as 
12.11% using the infrared drying method desoibed above. Subsequent 
detennination of average particle size was made using the dynamic light scattering 
method described above; the organosol had a z-average diameter of 1 70.1 nm. 

Example 31 

Thb example illustrates the use of the graft stabilizer in Example 14 to 
prepare a gel organosol with a core/*ell ratio of 4/1 . Using the method and 
apparatus of Example 23, 248.31 g of NORPAR 12, 21.60 g of EA, 7.20 g of 
MMA, 22.35 g of the graft stabilizer mixture from Example 14 @ 32.2 1% 
polymer solids, and 0.54 g of AIBN were combined in a reaction flask. The 
resulting mixture was heated to 70°C and reacted for 1 6- 1 8 hours, at which time 
the resulting organosol was cooled to room temperatiire. After stripping the 
organosol using the method of Example 23 to remove residual monomer, the 
stripped organosol was cooled to room temperatuie, yielding an opaque vAdXc 
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dispersion wbich t^idly fonned a strong gel over the course of iq>proxiniately 1 
hour, with a cloudy supernatant liquid phase above die gel. 

This gd organosol is designated ODA/TBMA/HEMA-TMI//M^^^ 
(24.25/72.75/3-4.7//25/75 % wAv) and can be used to prepare gel ink 
formulations. The percent solids of the gel organosol dispersion was determined as 
12.08% using the infrared drying method described above. Subsequent 
determination of average particle size was made using the dynamic light scattering 
mefliod described above; the organosol had a z-average diameter of 1 8 1 .9 nm. 

Eiamole 32 

This example illustrates Ae use of die graft stabilizer in Example 15 to 
prepare a gel organosol with a core/shell ratio of 4/1 . Using die method and 
apparatus of Example 23, 247.66 g of NORPAR 12. 21.60 g of EA, 7.20 g of 
MMA, 23 g of the graft stabilizer mixture from Example 15 @ 3 1 J0% polymer 
solids, and 0.54 g of ATON were combined in a reaction flask. The resulting 
mature was heated to 70°C and reacted for 16-18 hours, at which time die 
resulting organosol was cooled to room temperatim;. After stripping die organosol 
using die method of Example 23 to remove residual monomer, die stripped 
organosol was cooled to room temperature, yielding an opaque white dispersion 
which formed a moderate gel over die course of approximately 4 hours. 

This gel organosol is designated LMA/HMA/HEMA-TM1//MMA/EA 
(24.25/72.75/34.7//25/75 % w/w) and can be used to prepare gel ink 
formulations. The percem solids of the gel organosol dispersion was determined as 
12.29% using the infrared drying metiiod described above. Subsequent 
detemiination of average particle size was made using die dynamic light scattering 
mediod described above; die organosol had a z-average diameter of 1 82.5 nm. 

E»amnle3.^ 

This example illusfrates die use of die graft stabilizer in Example 16 to 
prepare a gel organosol. Using die mediod and apparatus of Example 23, 243.87 g 
of NORPAR 12. 21.60 g of EA. 7.20 g of MMA. 26.79 g of die graft stabUizer 
mixttire from Example 16 @ 26.88% polymer solids, and 0.54 g of AIBN were 
combined in a reaction flask. The resulting mixture was heated to 70"'C and 
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reacted for 1 6- 1 8 hours, at which time tlw resulting organosol was cooled to room 
temperature. After stripping the organosol using the method of Example 23 to 
remove residual monomer, the stripped organosol was cooled to room 
temperature, yielding an opaque white dispersion which formed a weak gel over 
die course of approximately 4 hours. 

niis gel organosol is designated LA/EHMA/HEMA-TKfl//MMA/EA 
(48.5/48.5/3-4.7//25/75 % w/w) and can be used to prepare gel ink formulations. 
The percent solids of the gel organosol dispersion was determined as 12.89% 
usmg the infrared drying method described above. Subsequent detennination of 
average particle size was made using the dynamic Ught scattering method 
described above; the organosol had a z-average diameter of 209.6 ran. 

Exmwles of Gel Or^annxn^ formed in A lternativP Solvent Systemic: 

Eiamole 34 

This example illustrates the use of the graft stabilizer in Example 1 7 to 
prepare a gel organosol with a core/shell ratio of 4/1 in a solvent having a 
Hildebrand solubility parameter lower than that of NORPAR 1 2. Using the 
method and apparatus of Example 20, 2844 g of NORPAR 13, 253 g of EA, 83 g 
of MMA, 3 1 3 g of the graft stabilizer mixture fi^om Example 1 7 @ 26.8% polymer 
solids, and 6.3 g of AIBN were combined in a reaction flask. The resulting 
mixture was heated to 70"C and reacted for 16 hours, at which tune the resulting 
organosol was cooled to room temperature. After sttipping the organosol using 
the method of Example 20 to remove residual monomer, the stripped organosol 
was cooled to room temperature, yielding an opaque white, fluid dispersion which 
rapidly formed a moderate gel over the course of approximately 2 hours. 

This gel organosol is designated EHMA/HEMA-TMI//MMA/EA (97/3- 
4.7//25/75 % w/w) and can be used to prepare gel ink formulations in NORPAR 
13. The percwit solids of the gel organosol dispersion was determined as 12.99% 
using the infrared diying method described above. Subsequent determination of 
average particle size was made using the dynamic Ught scattering method 
described above; the organosol had a z-average diameter of 200.9 nm. 
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Eiamplc 3S 

This example illustrates the use of the grafi stabilizer in Example 1 8 to 
prepare a gel organosol with a core/shell ratio of 4/1 in a solvent ha>ing a 
Hildebrand solubility parameter higher than that of NORPAR 12. Using the 
5 method and apparatus of Example 20, 2838 g of ISOPAR V, 253 g of EA, 83 g of 
MMA, 3 19 g of the graft stabilizer mixture fiom Example 18 @ 26.3% polymer 
solids, and 6.3 g of AIBN were combined in a reaction flask. The resulting 
mixture was heated to 70°C and reacted for 16 hours, at which time the resulting 
organosol was cooled to room temperature. After stripping the organosol using 
10 the method of Example 20 to remove residual monomer, the stripped organosol 
was cooled to room temperature, yielding an opaque white, fluid dispersion vAdch 
rapidly formed a weak gel over the course of approximately 15 hours. 

This gel organosol is designated EHMA/HEMA-TMI//MMA/EA (97/3- 
4.7//25/75 % w/w) and can be used to prepare gel ink fonnulations ISOPAR V. 
15 The perc«it solids of the gel organosol dispersion was determined as 12.98% 
using die infrared drying method described above. Subsequent determination of 
average particle size was made using tfie <fynamic light scattering method 
described above; the organosol had a z-average diameter of 1 84.7 nm. 

Example 36 

20 This example illustrates the use of the graft stabilizer in Example 1 9 to 

prepare a gel organosol in a solvent having a Hildebrand solubility parameter 
higher than that of NORPAR 12. Using die mefliod and apparatus of Example 20, 
2845 g of EXXSOL D80, 253 g of EA, 83 g of MMA, 3 12 g of the graft stabilizer 
mixture from Example 1 9 @ 26.89% polymer solids, and 6.3 g of AIBN were 

25 combined and the resulting mixture heated to 70*C and reacted for 1 6 hours, at 
which time the resulting organosol was cooled to room temperature. After 
sttipping the organosol using the method of Example 20 to remove residual 
monomer, the stripped organosol was cooled to room temperature, yielding an 
opaque white, fluid dispersion vAich rapidly formed a weak gel over the course of 

30 approximately 2 hours. 
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This gel organosol is designated EHMA^MA-TMI//MMA/EA (97/3- 
A.J/asnS % w/w) and can be used to prepare gel ink fonnulations in EXXSOL 
D80. The percent solids of the gel organosol dispersion was detennined as 1 1 .79% 
using the infrared drying method described above. Subsequent determination of 
average particle size was made using the dynamic Ught scattering method 
described above; the organosol had a z-average diameter of 238.7 nm. 

LIQUID TONPT^ EXAMPT FR 
Example 37 

This is an example of preparing a cyan liquid toner at an 
organosol/pigment ratio of 6 using the gel organosol prepared at core/shell of 4 in 
Example 21. The organosol of example 21 was mixed using a Silverson mixer 
(Model L2R, Silverson Machines. Ltd.. Waterside, England) operated at the 
lowest speed setting. After mixing for five minutes, 241 g of the homogenized 
organosol @ 12.8% (w/w) soUds in NORPAR 12 were combined with 52 g of 
NORPAR 12, 5 g of Pigment Blue 15:3 (CI 74160:3; #249-1282, Sun Chemical 
Company, Cincinnati, OH) and 2.09 g of 6.16% Zirconium HEX-CEM sohition 
(OMG Chemical Company, Cleveland. OH) in an eight ounce glass jar. This 
mixture was then nulled in a 0.5 liter vertical bead mill (Model 6TSG-1/4, Aimex 
Co., Ltd., Tokyo, Japan) charged with 390 g of 1 .3 mm diameter Potters glass 
beads (Potters Industries, Inc., Parsippany, NJ). The mill was operated at 2,000 
RPM for 1 .5 hours without cooling water circulating through the cooUng jacket of 
the milling chamber. 

A portion of this 1 2% (w/w) solids toner concentrate was diluted to 
approximately 1 .0% (w/w). This dilute toner sample exhibited the following 
properties as determined using the test methods described above: 

Number Mean Particle Size: 0.46 micron 

Bulk Conductivity: 25 picoMhos/cm 

Percent Free Hiasc Conductivity: 5% 

Dynamic MobUity: 0.0274 micK)n-cm/(Volt-secondl 

Zeta Potential: 55 mV 



66 



wo 97/12385 PCTAJS96nS548 

An additional portion of the 12% (w/w) solids toner ccmcentrate was diluted to 
approximately 2.5% (w/w). This woridng strength toner was tested on the toner 
plating ^paratus described previously. The reflection optical density (ROD) was 
greater than 1 .3 at plating voltages greater than 450 volts; the charge/ROD of the 
2.5% toner was 0.0536 micro-Coulombs/Icm'-ROD]. . 

EMmpIe 38 

This is an example of preparing a yellow liquid toner at an 
organosol/pigment ratio of 5 using the gel organosol prepared at core/shell of 4 in 
Example 21. The organosol of example 21 was mixed using a Silverson mixer 
(Model L2R, Silverson Machines, Ltd., Waterside, England) operated at the 
lowest speed setting. After mixing for five minutes, 234 g of the homogenized 
organosol @ 1 2.8% (w/w) solids in NORPAR 12 were combined with 58 g of 
NORPAR 12, 6 g of Pigment YeUow 83 (CI. 21 108; #275-0570, Sun Chemical 
Company, Cincinnati. OH) and 1.46 g of 6.16% Zirconium HEX-CEM solution 
(OMG Chemical Company, Cleveland, OH) in an eight ounce glass jar. This 
mixture was then milled in a 0.5 liter vertical bead miU (Model 6TSG-1/4, Aimex 
Co., Ltd.. Tokyo, Japan) charged with 390 g of 1.3 mm diameter Potters glass 
beads (Potters Industries, Inc., PSraippany, NJ). The mill was operated at 2,000 
RPM for 1.5 hours without cooling water circulating through the cooling jacket of 
the millmg chamber. 

A portion of this 12% (w/w) solids toner concentrate was diluted to 
approximately 1 .0% (w/w). TTiis dilute toner sample exhibited the following 
properties as determined using the test methods described above: 

Number Mean Particle Size: 0.15 micron 

Bulk Conductivity: 23 picoMhos/cm 

Percent Free Phase Conductivity: 20% 

Dynamic Mobility: 0.0468 micron-cm/[Volt-second] 

Zeta Potential: 96 mV 

An addiUoaal portion of the 12% (w/w) solids toner concentrate was diluted to 
approximately 2.5% (w/w). This working strength toner was tested on the toner 
plating apparatus described previously. The reflection optical density (ROD) was 
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greater than 1 .0 at plating voltages greater than 400 volts; the chaige/ROD of the 
2.5% toner was 0.0636 micro-Coulombs/[cm^-ROD). 

This is an example of preparing a magenta liquid toner at an 
5 organosol/pigment ratio of 6 using the gel organosol prepared at core/shell of 4 in 
Example 21. Tlie organosol of example 21 was mixed using a Silverson mixer 

(Model L2R, SUvefson Machines, Ltd., Waterside, England) operated at the 
lowest speed setting. After mixing for five minutes. 241 g of Uie homogenized 
organosol @ 12.8% (w/w) solids in NORPAR 12 were combined with 54 g of 

10 NORPAR 12. 5 gofPigment Red 81 (CI. 45160; #221-0021. Sun Chemical 
Company. Cincinnati, OH) and 0.25 g of 6.16% Zirconium HEX-CEM solution 
(OMG Chemical Company, Clevehmd, OH) in an eight ounce glass jar. This 
mixture was then milled in a 0.5 liter vertical bead mill (Model 6TSG-1/4, Aimex 
Co.. Ltd., Tokyo, Japan) charged with 390 g of 1 .3 mm diameter Potters glass 

15 beads (Potters Industries, Inc., Parsippany. NJ). The mill was operated at 2,000 
RPM for 1 .5 hours witiiout cooling water circulating through tiie cooling jacket of 
the milling chamber. 

A portion of tius 12% (wAv) solids toner concentrate was diluted to 
approximately 1.0% (w/w). This dilute toner sample exhibited the following 
20 properties as determined using the test mettods described above: 

Number Mean Particle Size: 0.44 micron 
Bulk Conductivity: 37 picoMhos/cm 
Percent Free Phase Conductivity: 15% 
Dynamic Mobility: 0.0469 micron-cm/[Volt-second] 
Zeta Potential: 96 mV 



25 



An additional portion of flie 12% (w/w) solids toner concentrate was diluted to 
approximately 2.5% (w/w). This working strength toner was tested on the toner 
30 plating appantas described previously. The reflection optical density (ROD) 
greater tiian 1 .3 at plating voltages greater than 500 volts; tiie charge/ROD of Uie 
2.5% toner was 0,0386 micro-Coulombs/[cm^-ROD]. 
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Example 40 

TUs is an example of preparing a prefened embodiment of black liquid 
toner at an organosol/pigment ratio of 6 using the gel organosol prepared at 
core/shell of 8 in Example 22. The organosol of ekample 22 was mixed using a 
5 Silverson mixer (Model UR.Silverson Machines, Ltd., Waterside, England) 
operated at the lowest speed settmg. After mixing for five minutes, 241 g of the 
homogenized organosol @ 12.7% (w/w) solids in NORPAR 12 were combined 
with 49 g of NORPAR 12, 5 g of Monarch 120 carbon black (Cabot Corp., 
BUlcrica, MA) and 3.34 g of 6.16% Zirconium HEX^EM solution (OMG 
Chemical Company, Cleveland, OH) in an eight ounce glass jar. This mixture 
was then milled in a 0.5 liter vertical bead mill (Model 6TSG-1/4, Aimex Co., 
Ltd., Tokyo, Japan) charged with 390 g of 1.3 mm diameter Potters glass beads 
(Potters Industries, Inc., Parsippany, NJ). The mill was operated at 2,000 RPM for 
1.5 hours without cooling water circulating through the cooling jacket of the 
milling chamber. 

A portion of this 12% (w/w) solids toner concentrate was diluted to 
approximately i.0% (w/w). This dilute toner sample exhibited the following 
properties as determined usmg the test methods described above: 

Number Mean Particle Size: 0.28 micron 
Bulk Conductivity: 47 picoMhos/cm 
Percent Free Phase Conductivity: 2% 
Dynamic Mobility: 0.0563 micron-cm/TVolt-second] 
Zeta Potential: 116 mV 

An additional portion of the 12% (w/w) solids toner concentrate was diluted to 
approximately 2.5% (w/w). This woridng strength toner was tested on the toner 
plating apparatus described previously. The reflection optical density (ROD) was 
greater than 1.3 at plating voltages greater than 400 volts; the charge/ROD of the 
2.5% toner was 0.0600 micn>-CouIombs/(cm^.ROD]. 

Examole 41 

This example illustrates the preparation of a high solids gel organosol from 
a preformed lower solids gel organosol. Such high solids organosols can be used 
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to prepare high solids toner concentrates suito^^^ 

liquid immersion development Approximately 2000 g of th gel organosol @ 
12.8% solids from Example 21 was stored without agitation in a four liter wide 
mouth polyethylene bottle. Aaer approximately 72 hours, the organosol had 
separated into a lower gel phase and a clear supernatant liquid phase consisting 
essentially of Norpar™ 12. The clear supernatant Uquid was carefully decanted. 

and a sample of the lower gel phase was removed using a 50 mL beaker. The 
percent soUds of this sample of concentrated gel organosol was determined using 

the infrared drying method described above. The gel organosol solids had 
increased from 12.8% to 41.60/. The resulting gel organosol concentrate can be 
used to prepare the prefeired embodiment of gel inks at concentrations greater 
than 42% (w/w). Such ink concentrates have utUily as replenishers for Uquid 
immersion development from dilute toner dispersions. 

Example 42 

This example illustrates the preparaUon of a high solids gel ink from a 
preformed lower soUds gel ink. This example also illustrates a method for 

additionally reducing the free phase conductivity of such gel ink concentrates 
relative to the starting ink. Such high soUds inks with reduced free phase 
conductivity are particularly useful as toner replenishers in liquid immersion 
development. Approximately 35 g of the yellow gel ink® 12% solids (20% free 
phase conductivity) from Example 38 was transferred to a 50 mL centrifuge tube 
and centrifiiged at 5«C for 5 mmutes at 6.000 ipm (6,1 10 relative centrifugal 
foree)m a JouanMR1822 centrifuge. The ink separated into a lower pigmented 
gel phase and a clear supernatant liquid phase consisting essentially of Noipar™ 
12. The clear supernatant liquid was carefully decanted, a sample of the lower gel 
phase was removed. The pereent solids of this sample of concentrated gel toner 
was detemiined using the mfiared drying mediod described above. The gel toner 
solids had increased from 12.0% to 29.42%. Approximately lOgofNoipar™ 12 
was added to this gel toner concentrate. The gel concentrate was mixed by 
shaking the capped centrifuge tube. The concentrated gel ink readily redispersed 
upon mixing with die added NoiparTM n. TTiis sample was centrifiiged at 5°C for 
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1-2 hours at 6,000 rpm (6,1 10 relative centrifugal force) in the Jouan MR1822 
centrifuge. The supernatant liquid was then carefully decanted, and the 
conductivity of this liquid was measured using a Scientifica Model 627 
conductance meter operating. The percentage oiF free phase conductivity relative 
to the bulk toner conductivity was now found to be approximately 1 0%, 
^proximately half diat of the original liquid toner. The resulting ink concentrate 
of reduced percent free phase conductivity is particularly suited for use as a high 
solids replenisher for liquid munersion development. 

LIQUID TONERS FOR FJ. ECTROSTATfC PRINTING APPLICATIONS 

The following Examples describe the preparations of electrostatic liquid 
toners for use in electrostatic printers. Examples 43^5 illustrate the preparations 
of the graft stabilizers. Examples 46-50 illustrate the preparations of the gel 
organosols. Examples 5 1 -54 illustrate the preparations of electrostatic liquid 
toners. Each of the electrostatic toners were evaluated by print testing in a 3M 
ScotchprintTM model 9536 Graphics Printer (available from 3M, St. Paul, MN). 
Image quality was judged in four primary areas: (1) reflectance optical density of 
the toner fihn on 3M Scotclq)rint''M 8602 transfer media usmg a Grctag™ SPM 50 
reflectance optical densitometer (available from Ciretag Instruments Inc., 
Regensdorf, Switzeriand); (2) quality of image transfer from 3M Scotchprint™ 
8602 transfer media to 3M Scotchprint™ 8620 vinyl marking film using a hot 
lamination process; (3) adhesion of the toner on 3M Scotchprint™ 8602 transfer 
media; and (4) toner "bleed'' of printed thin (< 3 mm) lines on 3M Scotchprint™ 
861 1 imaging dielectric paper. "Bleed" refers to the spreading of the toner after it 
is applied resulting in a blurred image. All image transfers were perfomed at 0.45 
meters/minute, 450 kPa of pressure and 95®C. The quality of transfer was 
measured using a relative ranking test based on a visual inspection of both 
surfaces and estimating the amount of toner remaining on the transfer media. 
Toner adhesion was evaluated by visual mspection of the toner layer on the 
transfer media by ranking the percentage of the image area that was 
unmtentionally removed by contact with the electrostatic write-head of the printer. 
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Toner layen having too much or too little cohesive strength typically showed poor 
adhesion. For exanq>le, toner layers having too much cohesive strength could be 
easily removed as a continuous film fiom the transfer media; whereas, toner layers 
having too litUe cohesive strength were powder-like and could be easily brushed 
5 offthe surface ofthe transfer media. 

The HUdebrand Solublity Difference for each ofthe foUowing Examples 
was calculated to be 2.37 MPa** (16.97 MPa'' - 14.60 MPa" = 2.37 MPa'O. 

Prepttration s of Grafi StabiliTgrs 

Example 43 

A graft stabilizer was prepared as m Example 4 excq)t that Isopar™ G was 
substituted for Norpar™ 12. The percent solids ofthe Uquid mixture was 

detenmned to be 28.12% using Ae infiared drying mrthod described above. 
SubsequMit determination of weight average molecular weight was made using the 

15 GPC method described above; the copolymer had a of 160,000 Da. 

Eiample44 

A graft stabilizer was prepared as in Example 43, except that HEMA levek 
were increased fiom 3% to 4%; 840 g of EHMA and 36 g HEMA were used. The 
percent solids ofthe liquid mixture was determined to be 27.35%. 

Example 45 

A graft stabilizer was prepared as in Example 43, except that HEMA levels 
were increased to 6%; 823 g of EHMA and 55 g of HEMA were used. The percent 
solids ofthe liquid mixtiure was determined to be 26.84%. 

Preoaratiott s of Gel Or^anasah 

Example 46 fComparatiYi-) 
A comparative gel organosol with a core/shell ratio of 8/1 was prepared as 
in Example 22. except that 2954 g of Isopar™ G was used instead ofthe Noipar™ 
12 and 166 g ofthe graft stabilizer of Example 43 instead ofthe graft stabilizer 
(from Example 3). The resultant liquid gel organosol has a percent solids of 
1 3.2% and a z-average diameter of 345.0 nm. The Tg was calculated to be - 1 *C 
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and the MMA/EA ratio was 1/3. Toners made with this particular gel organosol 
showed poor adhesion due to scraping of the write-head. 

Eiamnk 47 

A gel organosol with a core/shell ratio of 8/1 was piepaied as in Example 
46 except 196 g of MMA and 1 78 g of EA were used. TTie resultant liquid gel 
organosol had a percent solids of 15.0% and a z^verage diameter of 283.6 nm. 
The Tg was calculated to be +3(y»C and the MMA/EA ratio was 1.1/1. 

Examnle 4« rComp ar^riw) 

A gel organosol witha coie/shell ratio of 8/1 was prepared as in Example 

46 except 275 g of MMA and 98 g of EA were used. The resultant liquid gel 
organosol had a percent solids of 9.5% and a z-aveiage diameter of 599.8 nm. 

The Tg was calculated to be and the MMA/EA ratio was 2.8/1 . Toners 
made using this particular gel organosol exhibited poor adhesion due to non-fihn 
fonnation resultmg in a powdeiy unage. 

Example 49 

A gel organosol with a core/sheU ratio of 4/1 was ptt^pared as in Example 

47 above except that 307 g of stabilizer fiom Example 44 was used in place of the 
listed stabUizer (fiom Example 43). The resultant liquid gel organosol had a 
percent solids of 13.3% and a z-aveiage diameter of 257.9 nm. The Tg was 
calculated to be +30°C and the MMA/EA ratio wasT.1/1. 

Example Sff 

A gel organosol with a core/shell ratio of 4/1 was prepared as in Example 
47 except that 313 g of stabilizer from Example 45 was used instead of the listed 
stabilizer (from Example 43). The resultant liquid gel organosol had a percent 
soUds of 13.3% and a z-avenige diameter of 236.9 mn. The Tg was calculated to 
be +30°C and the MMA/EA ratio was 1 . 1/1 . 
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PrepgraAons of Electrostatic Liquid Toners 

Example SI (Comparative^ 
A Black toner was prepared at an organosol/pigment ratio of 6/1 using the 
gel organosol of Example 47. The toner was prepared as described in Example 40 
5 except that 206 g of the gel organosol ( 1 5.0% solids in Isopar™ G) was combined 
with 87 g of Isopar™ G, 5 g of Monarch 120 Carbon Black pigment and 1 .70 g of 
6.06% Zirconium HEX-CEM solution. A portion of the resultant 12.0% toner 
concentrate was diluted to 2q;)proximately 1 .0% and the following properties were 
measured: 

10 Number Mean Particle Size: 025 micron 

Bulk Conductivity: 41 picoMhos/cm 
Percent Free Phase Conductivity: 3.3% 
Dynamic Mobility: 0.016 micron-cm/[Voh-second] 
Zeta Potential: 30 mV 

15 

A portion of the 12% toner concentrate was diluted to approximately 2.5% and 

printed in the Scotchprint™ 9536 Graphic Printer vrith the following results: 

Optical Density: 1.46 
Toner Transfer Quality: Good 
20 Toner Adhesion to Scotchprint™ 8602 transfer media: Good 

Toner Bleed: Poor 

Example S2 

A Black toner was prepared at an organosol/pigment ratio of 2/1 using the 

25 gel organosol of Example 47. The toner was prepared as described in Example 40 

except that 160 g of the gel organosol (15.0% solids in Isopar™ G) was combined 

with 1 22 g of Isopar™ G, 1 2 g of Monarch 1 20 Carbon Black pigment, and 5.94 g 

of 6/06% Zirconium HEX-CEM solution. A portion of the resultant 12% solids 

toner concentrate was diluted to approximately 1 .0% and the following properties 

30 were measured: 

Number Mean Particle Size: 0.37 micron 
Bulk Conductivity: 20 picoMhos/cm 
Percent Free Phase Conductivity: 0.6% 
Dynamic Mobility: 0.017 micron-cm/[Volt-second] 
35 Zeta Potential: 31 mV 
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A portion of the 12% toner concentrate was diluted to approxiniately 2.5% and 

printed in the Scotchprint™ Printer with the following results: 

Optical Density: 1.44 
Toner Transfer Quality: Good 

Toner Adhesion to Scotchprint™ 8602 transfer media: Good 
Toner Bleed: Good 



Example 53 

A Magenu toner was prepared at an organosol/pigment ratio of 2/1 using 

10 the gel organosol of Example 49. The toner was prepared as described in Example 

40 except that 180 g of the organosol (13.3% solids in Isopar™ G) was combined 

with 88 g of Isopar™ G, 12 g. of Pigment Red 202 (Sunfast Magent 228-1 215, 

available from Sun Chemical. Cbcinnati, OH), and 1 9.35 g of 6.20% Zirconium 

HEX-CEM solution. A portion the resultant 12% solids toner concentrate was 

diluted to approximately 1.0% and the following properUes were measured: 

NumberMean Particle Size: 0.91 micron 
Bulk Conductivity: 7.9 picoMhos/cm 
Percent Free Phase Conductivity: 1,0% 
Dynamic Mobility: 0.002 miCTon-c«n/[Volt-second] 
20 Zeta Potential: 5mV 

A portion of the 12% toner concentrate was diluted to approximately 2.5% and 

printed in the Scotchprint™ Printer with the following results: 
Optical Density: 1.24 
Toner Transfer Quality: Good 

Toner Adhesion to Scotchprint™ 8602 transfer media: Good 
Toner Bleed: Good 

A Magenta toner was prepared at an organosol/pigment ratio of 2/1 using 
tiic gel organosol of Example 50. The toner was prepared as described in Example 
40 except that 180 g of the gel organosol (13.3% solids in Isopar™ G) was 
combined with 96 g Isopar™ G. 12 g of Pigment Red 202, and 15.48 g of 6.20% 
Zirconium HEX-CEM solution. A portion of the resultant 12% solids toner 
concentrate was diluted to approximately 1.0% and the following properties were 
measured: 
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Number Mean Particle Size: 0,87 micron 
Bulk Conductivity: 6.7 picoMhos/cm 
Percent Free Phase Conductivity: 0.7% 
Dynamic Mobility: 0.009 micron-cm/[Volt-second] 
5 Zeta Potential: 19 mV 

A portion of the 12% toner concentrate was diluted to approximately 2.5% and 

printed in the Scotchprint™ Printer with the following resul^^ 

Optical Density: 1.22 
10 Toner Transfer Quality: Good 

Toner Adhesion to Scotchprint™ 8602 transfer media: Good 
Toner Bleed: Good 

The following Table IV summarizes the improvements realized in toner adhesion 
and toner bleed by modifying the Tg and the organosol/pigment ratio: 

15 

TABLE IV 



Example # 


Hildebrand 
solubility 
Parameter 
Difference 

(|MPai/2p 


TgOf 
Organosol 


Organosol/ 
pigment 
ratio 


Toner 
Adhesion 
Quality 


Toner 
Bleed 


46 

(Comparative) 


2.37 


-I'C 




Poor 
(scraping) 




48 

(Comparative) 


2.37 


-i^O^C 




Poor 
(powdeiy) 




51 

(Comparative) 


2.37 


+30«C 


6/1 


Good 


Poor 


52 


2.37 


+30»C 


2/1 


Good 


Good 


53 


2.37 


+30«C 


2/1 


Good 


Good 


54 


2.37 


+30»C 


2/1 


Good 


Good 



Table IV clearly shows that adhesion of the electrostatic toner to the Scotchprint™ 
8602 transfer media can be improved by adjusting the Tg of the gel organosol 
20 between -1 °C and +60'*C. However, it should be understood to those skilled in the 
art that the surface energy of the toner receptor can be varied to broaden the range 
of acceptable glass transition temperatures. For example, no scraping was 
observed for the film fomiing toners having a Tg equal to -rc on Scotchprint™ 
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861 1 imaging dielectric paper or on release svadaces with a higher surfeoe eneisy 
than Scotchprint™ 8602 transfer media. 

Table IV also shows that an improvonent in toner bleed on Scotchprint™ 
861 1 imaging dielectric paper is realized when the the organosoypigment ratio is 
adjusted such that the weight amount of gel organosol with respect to the pigment 
is reduced to a ratio of {q)i»>ximately 2/1 . 
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What is claimed: 

1 . A gel organosol dispersion comprising: 

(a) an aliphatic hydrocarbon carrier liquid; and 

(b) a (co)poIymeric steric stabilizer having a molecular weight greater 
than or equal to 50,000 Daltons and a polydispersity less than 15 
covalently bonded to a thermoplastic (co)poIymeric core insoluble m 
said carrier liquid* 

wherein the weight ratio of said (co)polymeric steric stabilizer to said 
thermoplastic (co)polymcric core is between 1/1 and 1/15, and said 
(co)poIymeric steric stabilizer comprises polymerizable organic 
compounds or mixture of polymerizable organic compounds having an 
absolute Hildebrand solubility parameter difference between said 
polymerizable organic compounds or said mixture of polymerizable 
organic compounds and said carrier liquid between 2.5 and 3.0 MPa**. 



(co)polymeric core has a glass transition temperature between 25''C and -1 O^'C. 

3. The gel organosol dispersion of Claim 1 further comprising at least 
20 one colorant. 



Hildebrand solubility parameter difference is between 2.6 and 3.0 MPa**. 



IS 



The gel organosol dispersion of Claim 1 wherein said thermoplastic 



4. 



The gel organosol dispersion of Claim 1 wherein said absolute 



25 



The gel organosol dispersion of Claim 4 further comprising at least 



one colorant. 



6. 



An electrophotographic or electrographic liquid color toner 



30 




a carrier liquid having a Kauri-butanol number less than 30; 
at least one colorant; 
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(c) a charge director; and 

(d) a gel organosol comprising a (co)polymericsteric stabilizer having a 
molecular weight between 50,000 and 750,000 Daltons and a 
polydispersity less than 15 covalently bonded to a thennoplastic 
(co)poIymaic core insoluble in said carrier liquid and said core 
having a glass transition temperature between 25»C and -lO'C, 

wherein the weight ratio of said (co)polymeric steric stabilizer to said 
thennoplastic (co)polymeric core is between 1/1 and 1/15, and said 
(co)polymcric steric stabUizer comprises polymerizable organic 
compounds or mixture of polymerizable organic compounds having an 
absohite Hildebrand solubility parameter difference between said 
polymerizable organic compounds or said mixture of polymerizable 
organic compounds and said earner liquid between 2.5 and 3.0 MPa**. 



^- ""»««'«=*ophotogiaphic or electrographic liquid color toner of 
Claim 6 wherein said absolute Hildebrand solubility parameter difference is 
between 2.6 and 3.0 MPa**. 



10 



8. A process for forming an image on a final receptor comprising the 
20 steps of: 

(a) providing a photorcceptive element having an electrostatic charge on 
the surface thereof, 

(b) exposing said surfiice with a radiation source to discharge portions of 
said surfece to produce a latent image, 

^ applying the electrophotographic liquid color toner of Claim 6 

to said latent image on said surface of said photorcceptive 
element to form a toned image, 

(d) optionally transferring said toned image onto a transfer medium; and 

(e) transferring said toned image to a final receptor. 

>0 

9. The process ofClaim 8 wherein said fmal receptor is paper. 

79 



10. A process for forming an image on a receptor comprising the steps 

(a) providing a dielectric element, 

(b) applying an electrostatic diarge in an imagewise pattern on a surfece 
of said dielectric elemnt to produce a latent image, 

(c) q>plying the electrogr^c liquid color toner of Claim 6 to said 
latent image on said surface of said dielectric elemrat to fonn a toned 
image, 

(d) optionally transforing said toned image to a final receptor. 

11. A process for making a high solids liquid color ink comprising the 
of: 

(a) forming a dispersion of a gel organosol in a carrier liquid, said gel 
organosol comprising a (co)polymeric steric stabilizer having a 
molecular weight between 50,000 and 750,000 Daltons and a 
polydispersity less than 15 covalently bonded to a thermoplastic 
(co)polymeric core insoluble in said carrier liquid and said core 
having a glass transition temperature between 25»C and -lO'C, 

wherein the weight ratio of said (co)polymeric steric stabilizer to said 
thwmoplastic (co)polymeric core is between 1 /I and 1/1 5, and said 
(co)polymeric steric stabilizer comprises polymerizable oi^anic 
compounds or mucture of polymerizable organic compounds having 
an absolute Hildebrand solubility parameter difference between said 
polymerizable organic compounds or said mature of polymerizable 
organic compounds and said carrier liquid betweai 2.5 and 3.0 
MPa**; 

(b) adding at least one colorant to said dispersion; 

(c) allowing a portion of said carrier liquid to phase separate fix)m said 
dispersion; 



SO 
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removing said portion of said earner liquid from said dispenion to 
form a concentrated colored dispersioii. 

The process of Claim 1 1 wherein a charge director is also added 
least one colorant in stq) (b). 

13. The process of Claim II further comprising a step (b-2) milling 
said colorant and said dispersion after step (b) and before step (c). 

14. The process of Claim 1 1 v^eiein said absolute Hildebrand 
solubility parameter differwicc is between 2.6 and 3.0 MPa**. 

15. A process for making a high solids liquid color ink comprising the 
steps of: 

(a) forming a dispersion ofa gel organosol in a carrier liquid, said gel 
organosol comprising a (co)polymeric steric stabilizer having a 
molecular weight between 50,000 and 750,000 Daltons and a 
polydispersity less than 15 covalently bonded to a thermoplastic 

(c6)polymeric core insoluble in said carrier liquid aiul said core 
having a glass transition temperature between 25<'C and -lO'C, 
wherein tfie weight ratio of said (co)polymeric steric stabilizer to said 
thermoplastic (co)polymeric core is between 1/1 and 1/15, aiid said 
. (co)polymeric steric stabilizer comprises polymerizable organic 
compounds or mixture of polymerizable organic compounds having 
an absolute Hildebrand solubility parameter difference between said 
polymerizable organic compounds or said mixture of polymerizable 
organic compounds and said carrier liquid between 2.5 and 3.0 
MPa"; 

(b) allowing a portion of said carrier liquid to phase separate from said 
dispersion; 



wo 97/12285 

(d) 



12. 

with said at 
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(c) removing said portion of said carrier liquid from said dispersion to 
form a concentrated dispersion; and 

(d) adding at least one colorant to said concentrated dispersion to form a 
colored concentrate. 

5 

16. The process of Claim 1 5 wherein a charge director is also added 
with said at least one colorant in step (d). 

1 7. The process of Claim 1 5 wherein said absolute Hildebrand 
10 solubility parameter difference is between 2.6 and 3.0 MPa^ 

18. The process of Claun 15 further comprising the step (e) milling 
said colored concentrate after step (d). 

19. The electrophotographic or electrographic liquid color toner of 
Claim 6 further comprising at least one visual enhancement additive. 

20. An electrostatic liquid toner comprising: 

(a) a carrier liquid having a Kauri-butanol number less than 30; 
20 (b) a charge director; and 

(c) a gel organosol comprising a (co)polymeric steric stabilizer having a 
molecular weight between 50,000 and 750,000 Daltons and a 
polydispersity less than 15 covalently bonded to a thermoplastic 
(co)pol}aneric core insoluble in said carrier liquid and said core 
25 having a glass tranation temperature between 1 5**C and SS^'C, 

wherein the weight ratio of said (co)polymeric steric stabilizer to said 
thermoplastic (co)polymeric core is between 1/1 and 1/15, and said 
(co)polymeric steric stabilizer comprises polymerizable organic 
compounds or mixture of polymerizable organic compounds having an 
30 absolute Hildebrand solubility parameter difference between said 
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polymerizable organic compounds or said mixture of polymerizable 
oiganic compounds and said earner liquid between 2.3 and 3.0 MPa". 

21 . The electrostatic liquid toner of Claim 20 wherein said toner further 
comprises at least one colorant. 



22. The electrostatic Uquid toner of Claim 21 wherein said weight ratio 
of gel organosol to colorant is betwem 0.5/1 and 8/1 . 

23. TheclectrostaticliquidtonerofClaim21whercinsaidweightratio 
of gel organosol to colorant is between 0.5/1 and d/1 . 

24. TTie electrostatic liquid toner of Claim 21 wherein said weight ratio 
of gel organosol to colorant is between I/l and 3/1. 

25. The electrostatic liquid toner ofClaim 20 wherein said toner further 
comprises at least one visual enhancement additive. 

26. The electrostatic liquid toner of Claim 21 wherein said toner further 
con^rises at least one visual enhancement additive 

27. The electrostatic Uquid toner of Chum 21 wherein said core has a 
glass transition tempoature between 25»C and 45«C; 

28. The electrostatic liquid toner OfClaim 26 wherein said core has a 
glass transition temperature between 25"*C and 45»C. 
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